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PREFACE 


The more significant researches in the Psychological Labora- 
tories of the University of Iowa are accumulating so rapidly and 
their publication through the regular channels of the professional 
journals would otherwise be so long delayed that we have thought 
it advantageous to issue several monographs during the current 
year, even though each one of them is less bulky than any of our 
recent numbers. This volume is, therefore, the first of a series 
of three which are to be published this year. It contains three 
doctorate dissertations completed under the supervision of Dr. 
Lee Edward Travis, Director of the Psychological Clinic in the 
University Hospitals. Technically they ought to be considered 
as of a piece with similar studies published last year in Volume 
XLIII in this Psychological Monograph series. Dr. Travis is 
also responsible for the preliminary editing of these studies. 

Under a new policy adopted by the Graduate School the papers 
are necessarily much abridged. But full documentary evidence 
is obtainable in the several cases through the complete protocols 
which are on deposit in the Library of the University of Iowa. 
It has been felt advisable, therefore, not only to educate our 
graduate students in the matter of writing printer’s copy thus 
eliminating useless verbiage but also to spare them the burden of 
the high costs of publication. 

The editor wishes to seize this opportunity of publicly acknowl- 
edging the splendid spirit of codperation which exists between the 
several allied branches of the Department of Psychology. In this 
instance Dr. Travis has displayed his uniformly excellent attitude 
in conforming his material to the standard requirements of the 
Iowa Studies in Psychology and in facilitating in many other 
respects the process of editing these studies. The continued 
productivity of his clinic in the direction of pure research also 
deserves favorable commendation. 


THE EDITOR 
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INTRODUCTION 


The present volume continues the practice established last year 
in the University of lowa Studies in Psychology, No. XV, of 
bringing together in one monograph certain studies from the 
psychology laboratory in the Psychopathic Hospital at the 
University of lowa. As was the case in the previous number, 
the writer is indebted to the editor of the lowa Studies, Professor 
Ruckmick, for his kind and expert help in the preparation of the 
manuscripts for publication. 

Two of the investigations included here are outgrowths of 
previous work from this laboratory. Dr. Lindsley made several 
approaches to the problem of determining various possible sources 
of action-current frequencies expressed in the peripheral nerves 
and muscles. Dr. Nystrom compared the action-current and the 
muscle-thickening methods for determining reflex response 
latencies. The third investigation introduced a new technique 
into this laboratory. Dr. Bender studied the effects of emotion, 
pain and alcohol upon the photographically determined pupillary 
reflex activity. 

I wish to express my appreciation of the conscientious efforts 


and serious purpose of those of my students whose contributions 
make up this issue. 


LEE EDWARD TRAVIS 
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THE EFFECT OF PAIN AND EMOTIONAL STIMULI 
AND ALCOHOL UPON PUPILLARY REFLEX 
ACTIVITY 


by 


W. Rateu Griccs BENDER 


I. Introduction. Pupillary phenomena have been investigated 
from many angles. For both normal and psychopathological 
cases the size of the pupil and the rate, both of contraction and 
dilatation, for various intensities of light and under the effects of 
drugs, emotions and pain have been scrutinized. 

The pupil, or the aperture of the iris, has a maximum diameter 
in the dark and a minimum diameter in strong light. Blanch- 
ard (3) found the extent to be from 2.0 mm. to 7.5mm. Blakes- 
ley (2) maintained that the maximum diameter reported by most 
investigators was too great. He found such to be between 6.74 
mm. and 7.2 mm. _ It is usually accepted that the pupillary range 
is from 2.0 mm. under strong light to 8.0 mm. in the dark (47). 
According to Cason (6) and Reeves (39,40), however, normal 
individuals showed marked variations in the range of the diam- 
eter. Reeves (40) stated that the size of the pupil of any given 
individual varied only slightly from day to day. From this it 
would be inferred that following a period for dark adaptation and 
subjection of the pupil to a known intensity of light the rate of 
contraction would not vary to any great extent from day to day. 
However, Lowenstein (29) maintained that the rate of contrac- 
tion was not consistent. Blanchard (3) found that the pupil was 
constantly fluctuating over a small range when the eye was sub- 
jected to a fixed brightness. Lowenstein (29) found this to be 
true also but claimed that there are two types of reaction, namely, 
(1) a quiet and slow reaction and (2) a rapid and oscillatory 
reaction which he called the restless pupil. 

The pupillary reflex which is an organic, unconscious and 
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2 W. RALPH GRIGGS BENDER 


involuntary response possesses certain characteristics (27) (6). 
One of these is the rate of closing, 1.e., from dark adaptation to 
various brightnesses of light the pupil decreases in size at certain 
speeds. From maximum dilatation to maximum contraction 
Reeves (39,40) found the period to be slightly less than 5.0 sec. 
Weiler (46) found similar results while Gradle (19, 20) recorded 
a shorter time. All of these workers used a motion-picture cam- 
era to photograph the pupillary changes. Five seconds, however, 
is usually accepted as the length of time needed for complete 
contraction of the average pupil (47). 

When light is flashed on a normal eye accommodated for the 
dark, there is a short time before actual contraction begins. This 
lapse of time between the stimulation and the initiation of con- 
traction is known as the latent period. Weiler (46) found this 
period to vary from .15 to .20 sec.; Reeves (39,40) found it to 
be .20 sec.; and Gradle (19, 20) found it to be .1875 sec. After 
the latent period there follows a rapid increase in contraction to 
almost the minimum diameter, which interval Weiler (46) found 
to be on the average .87 sec. and Reeves (39,40), 1.2 sec. 
Gradle (19, 20) concluded that there was a primary contraction of 
the pupil following the latent period, which lasted .4365 sec., dur- 
ing which the width of the pupil decreased at the rate of 5.48 mm. 
per sec. He also defined a secondary contraction of the pupil 
which lasted .3125 sec., during which time the pupil decreased at 
the rate of 1.34 mm. per sec. In the experimental work of 
Lieben and Kahn (28) the existence of two phases of the pupillary 
contraction was confirmed. From our own point of view it 
appears that this division of the contraction period into primary 
and secondary phases is largely arbitrary. 

It is also true that the balance between the sphincter and dila- 
tator mechanisms of the iris is not only direct but consensual, 7.e., 
because of a limited decussation of the pupillary fibers in or behind 
the optic chiasma, impulses from one eye travel to the centers 
causing a reaction of both pupils simultaneously (21) (33) (36). 
According to Reeves (39, 40) when one eye was closed, the pupil 
subjected to a light showed the same characteristic curve of con- 
traction as when both eyes were open but the time of contraction 
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was slower initially. Under a fixed intensity of light with both 
eyes open the pupils measured 2.7 mm., while with one eye closed 
the open pupil measured 3.3 mm. Wetler (46) stated that the 
consensual response was as large as the direct response. He fur- 
ther mentioned a summation effect brought about by stimulating 
one eye with a light, then transferring the stimulus to the other 
eye which had already shown a consensual reflex response with 
the result that the response of this eye was increased. 

The amount of light falling upon the retina is proportional to 
the size of the pupil which in turn depends upon the brightness to 
which the eye is exposed. A pupil has a certain period for con- 
traction which varies according to the degree of dilatation (3). 
In each case of contraction there is a period of latency and a time 
for contraction which is proportional to the amount of contrac- 
ture (47). For each subject there is an individual rate of 
response for each intensity of light stimulation to which the eye 
is exposed (39). 

Another aspect of pupillary activity is the rate of opening of 
the pupil after its subjection to a bright light. By means of flash- 
light photography Reeves (39, 40), measuring the pupil at various 
intervals after its exposure to a strong light, found that the pupil 
returned to its previously dark adapted size in five minutes. 
Gradle (19, 20) subjected the pupil to a bright light and found, by 
means of a motion-picture camera with a rotating sector for 
interrupting the illuminating beam for certain intervals of time, 
(1) that when the illumination was removed the pupil started to 
dilate at the rate of .95 mm. per sec., (2) that there was no latent 
period and (3) that the rate of opening was uniform with no 
sharp transitional points. 

Measurements have been made upon the amount of light 
required to cause a change in the size of the pupil. Reeves (37) 
found that the diameter of the pupil was practically the same 
whether the illumination was 0.00015 or 0.01 millilamberts. The 
point of illumination beyond which the pupil ceased to contract 
was determined by Reeves (37) to be 355 millilamberts, the size 
of the pupil between 2.6 mm. and 2.3 mm. for 355 and 2000 milli- 
lamberts, respectively. Schirmer (41) has found that the varia- 
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4 W. RALPH GRIGGS BENDER 


tion in the size of the pupil between 100 and 1100 candlemeters 
was very slight. 

Pupillary changes may not only be brought about reflexly but 
also psychically, 2.e., the pupil is effected by the mental or emo- 
tional states of the individual. Weiler (46) without statements 
of detail in regard to effect upon rate and other factors stated 
that dilatation of the pupil may be provoked by painful impres- 
sions, suddenly aroused attention and dyspnea. That this phase 
of pupillary reflex activity has received little exact experimenta- 
tion is attested to by the statement of Cason (6). He said that 
he conducted a short experiment to determine the effect of differ- 
ent mental states on the size of the pupil but did not arrive at any 
very definite conclusions. Lieben and Kahn (28) narcotized a cat 
with ether and chloroform and reached the following conclusions: 
the emotional pupillary reaction which usually appears in an emo- 
tional state (1) disappeared under anesthesia, (2) could not be 
produced after decapitation, (3) disappeared after transection at 
the level of the soft part of the neck, (4) could be established only 
if the cortex was intact, and (5) presented mainly reflex inhibition 
of the impulses coming from the oculomotor center which main- 
tains the tonus of the sphincter muscle. 

Lowenstein (29) used such stimuli as a painful prick, a sudden 
fright and a slow fear. He found that fright inhibited the reac- 
tion of the pupil in the light but that a painful prick did not do so. 
Instead, it prolonged a subsequent dilation of the pupil after the 
source of light had been removed. He also found that purely 
psychic stimuli, coming before the light stimulus, caused the pupil 
to dilate and that the extent of contraction following the light 
stimulus was greater than the usual reaction. A delay in the 
reaction of the pupil of an individual affected by fright and pres- 
sure was shown in some curves but this delay did not occur with 
pin pricks as stimuli. When the two forms of stimuli, light and 
emotional, were simultaneous he found that the reaction of the 
pupil presented a characteristic curve with a cascade effect, 1.e., 
the pupil decreased in size in steps. With different individuals he 
found different types of reaction, e.g., (1) a much delayed reac- 
tion and (2) a very rapid reaction. He maintained that the 
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individuals whose pupils exhibited the latter form of response 
were the most sensitive in showing a pupillary reaction which 
was much more extensive and a restlessness of the pupil. It 
should be remarked that all of Lowenstein’s records were ob- 
tained with intermittent light flashes. Consequently, his results 
are not directly comparable to ours. 

It is widely known that various stimuli—muscular, visceral and 
exteroceptive—indirectly cause a dilatation of the pupil. Lowen- 
stein and Westphal (30) made a study of spastic muscular condi- 
tions and the accompanying pupillary changes. Byrne (5) found 
an effect on the pupil due to stimulation of the skin and viscera. 
Lebensohn (27) found that reflexes from the eye to the stomach 
and from the stomach to the eye are related. Wetler (46) consid- 
ered that the pupillary reflex had an active part in connection with 
painful stimuli and the activity of related parts of the sympathetic 
nervous system. He used auditory stimuli, pin pricks and faradic 
current. Without measurement of the rate he found marked 
individual differences in reaction and that the pupillary reaction 
was slow and large, therefore, appearing to make very fine reac- 
tions to a great many stimuli. The result of a myriad of extra- 
photic influences is that the iris is probably always making fine 
oscillatory movements. 

Besides the pupillary changes that occur reflexly and psychically, 
the pupil is influenced directly or indirectly by chemical stimula- 
tion. Omitting discussion,of the external agents applied to the 
eye, such as the mydriatics and miotics, we shall consider only the 
investigations of the effects of alcohol. Weiler (46) conducted 
the most extensive study along this line. It should be noted, how- 
ever, that his 112 alcoholic cases were of the chronic variety. Of 
these a small percentage showed pupillary disturbances of a rather 
inconsistent nature. He extended his work by selecting five 
average individuals and found that, after 20 c.c. of 95% grain 
alcohol had been ingested, there occurred no change in the size 
and rate of the pupillary response to light. After 40 c.c. of alcohol 
had been ingested he found unusual promptness in reaction and 
that the difference between the size of the pupil in light and dark 
was greater than usual. However, the latent period and contrac- 
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6 W. RALPH GRIGGS BENDER 


tion-time proper remained unchanged. Sollman (43) reported 
from a study by Hyde’ that the latent period was increased by 
5 per cent and that reflexes were depressed. 

Growing out of the previous work in the field of pupillary 
phenomena, the present investigation undertook to study the reac- 
tion of the pupil to light while stimuli of extra-photic nature were 
introduced (1) before exposure to light, (2) simultaneously with 
exposure to light, and (3) following exposure to light at the point 
when the pupil had reached its minimal diameter. A period of 
ten minutes was allowed for dark adaptation prior to the incidence 
of the light stimulus. The intensity of the stimulating lights, the 
angle of the lights and the focal distance were controlled and kept 
constant. The rate of contraction was determinable and measur- 
able for each case and the records of each subject taken under 
normal conditions were compared with the records obtained with 
the introduction of pain and emotional stimuli and after the 
ingestion of alcohol. 

II. The mechanism of the pupillary reflex. It is known (21) 
(33) (36) that the iris is controlled by two reciprocating sets of 
muscle fibers, the circular sphincter with oculomotor innervation 
of the parasympathetic type, and the radial dilatator muscle fibers, 
innervated from the superior cervical ganglion of the sympathetic 
type. The sphincter is under the influence of continuous tonic 
constrictor impulses from the pupillary center, the tone of which 
is being continuously inhibited to varying degrees by afferent and 
emotional impulses. The diameter of the pupil of the iris is the 
resultant of these opposing forces. 

The most active agent eliciting pupillary reflex response is light. 
The stimulation of light upon the retina, whether or not it causes 
an electrical (7) or a chemical (8) response, changes the tonicity 
of the iris muscles through a given pathway. According to 
Shastid (42) in and about the macula there are pupillomotor 
fibers, certain ones of which are responsive to light (photo- 
responsive) and others of which are responsive to darkness 


1 Hyde, S. H., Alcohol, Kans. Univ. Sci. Bull., June, 1913. 
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(scoto-responsive). Illumination falling upon the pupillomotor 
area causes a change in the size of the pupil: if the illumination 
is increased, the pupil through these photo-responsive fibers be- 
comes smaller; if it is decreased, the pupil through the scoto- 
responsive fibers becomes larger. The impulses set up run along 
these fibers from the macula to the optic nerve, into the nerve to 
the optic chiasma where they partially decussate and at length 
reach the pupillary contraction center in the floor of the aqueduct 
of Sylvius. The third nerve carries the impulse back via the 
ciliary ganglion to the sphincter muscle fibers. 

The dilatation of the pupil is not entirely due to the relaxation 
of the sphincter pupillae muscle but is partly due to the contrac- 
tion of the dilatator pupillae muscles which are kept in a state of 
tonic contraction by impulses emanating from a nerve center in 
the medulla oblongata. The axons which arise in this center pass 
down the cord, emerge through the first thoracic nerve and then 
ascend to the superior cervical ganglion. From these cells new 
axons of the sympathetic system arise which pass to the long 
ciliary nerve and subsequently to the dilatator muscles of the iris. 

The variations in the size of the pupil, although largely a reflex 
response under the control of the oculomotor nerve, are neverthe- 
less partly due to the active cooperation of the dilatator nerves 
and their related muscles. The size of the pupil, necessary from 
moment to moment for the admission of just that amount of light 
essential to the formation and perception of a distinct image, is 
the result of two nicely adjusted and delicately balanced forces. 
When one set of muscles, due to stimulation, constricts, the other 
set relaxes, and vice versa. | 

There are many forms of stimulation, however, which directly 
and indirectly, by virtue of the chain of connections with the 
sympathetic nervous.system, will cause a disruption of this equi- 
librium. The present study investigated certain various inter- 
relationships between the two balancing forces in pupillary reflex 
activity by introducirig stimuli which would possibly alter the 
normal pupillary reflex to light. 

III, Apparatus. The apparatus consisted of a moving-picture 
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8 W. RALPH GRIGGS BENDER 


camera, stimulus lights, synchronous motor to operate the camera, 
and a device for holding the head rigidly in position while photo- 
graphing the eye (Fig. 1). 











Fic. 1. Apparatus for photographing the pupil. CR=chin 
C=camera. PL=projected lens barrel. LH: and 
enclosing stimulus and photographic lights. M-—motor. 
S=switchboard, l1=motor, 2=lights, 3=—shutter-drops. 
with head fixed firmly and waist strap adjusted. 


rest. 
LH.—lamp-houses 
R=reducing gear. 
Subject in position 


The motor was driven by a sixty cycle alternating current. It 
revolved 1800 times per sec. and was connected to the camera 
through a 10 to 1 reducing gear by a spring-wire pulley belt. This 
speed, three revolutions per sec., exposed 24 sections of film 
per sec. 

The camera was an Eastman Ciné Kodak Model A with a 68 
mm. anastigmatic f. 4.5 lens. In the lens barrel was a double 
prism which transmitted 90 per cent of the light to the film and 
reflected 10 per cent for focusing. The lens was extended out 
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beyond the usual mounting because of the necessity for close 
working distance—approximately 10 mm. from the film and 10 
mm. from the eye of the subject. There was an 180 degree 
shutter which gave 1/48th of a sec. exposure at 24 revolutions 
per sec. The aperture was adjustable. The whole camera 
which was mounted on a platform one foot above the base could 
be rotated, raised or lowered and adjusted for proper focal 
distances. 

The stimulus lights consisted of two high pressure 50 v. 200 w. 
concentrated filament lamps. At the same level with the lens, 
6 mm. on either side of the camera, each light was situated in a 
lamp-house with a “ bull’s eye’ condenser and concave mirror 
and reflector for doubling the light. The lamp-houses could be 
adjusted for any angle and after focus could be set to move when 
the camera was moved. The stimulus lights were 35 mm. from 
the eye. There was a shutter over each lamp which was released 
by a solenoid actuated by a 4 v. dry battery. The lights were 
adjusted to focus on one spot so that forward or backward adjust- 
ment could bring the focal point upon the pupil of a subject’s eye. 
The intensity at this point was measured by a Betz photometer 
and the combined power of the two lights was found to be 960 
foot-candles. 

The above mentioned parts were all mounted on a steel base, 
14 in. x 18 in. x 3 in. At the front edge were two 23 in. steel 
rods, vertically mounted, 834 in. apart. There was an adjustable 
steel cross-bar carrying a chin-rest. At the top of the vertical 
rods were two adjustable padded pieces of metal which conformed 
to the shape of the front and sides of the head. From the ver- 
tical bars was a wide band of canvas which was strapped around 
the head and another canvas strap to fit around the waist of the 
subject to help eliminate strain. The apparatus carried a switch- 
board which controlled lights, motor and shutter-drops. Sixteen 
millimeter Ciné Kodak supersensitive panchromatic safety film in 
100 foot rolls was used. 

IV. Procedure. All photographing was done in a small dark 
room. Each subject was placed in a comfortable sitting position 
with chin resting upon the chin-rest. Stimulus lights were focused 
on the pupil. The subject’s head was then fastened securely and 
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the waist-strap adjusted. The camera was set for the proper 
focus. Following this the lights were switched on and off several 
times so that each subject would become accommodated to the 
glare. This was done for the purpose of cautioning the subject 
about blinking and winking when being photographed. * The sub- 
jects were asked to become as relaxed as possible, to keep their 
eyes open during the period for dark adaptation, to fixate on a 
point on the camera box at 28 mm. distance, and not to look at 
either light or into the projection lens. 

All lights in the room were then turned off and ten minutes 
were allowed for dark adaptation. At the conclusion of this time 
the motor was started and allowed to gain maximal and constant 
speed. The stimulus lights were turned on at this time and 
remained on from 5 to 10 sec. During the time the lights were 
on the experimenter observed the pupil of the subject through a 
right-angle lens to note if the eye was in focus. The right eye 
was always photographed and the left eye was always open. The 
light intensity never varied from subject to subject or from pic- 
ture to picture on the same subject. The distance of the lens and 
camera from the eye was kept constant from one sitting to the 
next with all subjects. The angle of light remained constant and 
the speed of the film never varied. If a subject could not fixate, 
he was requested to look straight ahead when the lights were 
flashed on. This procedure was repeated in all of his subsequent 
photography. 

The subjects selected for the purpose of studying the possible 
extent of day-to-day fluctuation of the pupillary rate of contrac- 
tion under the same conditions were run twice a day for three or 
four days. Those persons subjected to pain and emotional stim- 
ulation were studied under normal conditions two or three times 
prior to the time when stimuli such as, gun shot, painful pin- 
prick, pinch, electrical shock of 25 v. and the presentation of a 
white rat were introduced. These stimuli were introduced in the 
following manner for different subjects: (1) immediately pre- 
ceding exposure to light, (2) simultaneously with exposure to 
light, or (3) following exposure to light when the pupil had 
reached its maximum contraction. Two or three subjects were 
forewarned of the appearance of a stimulus. . 
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Those subjects used in the study concerned with the alcoholic 
effect furnished a series of records before the ingestion of any 
alcohol, under normal conditions, and after each ingestion of 20 
c.c. of alcohol. Dark adaptation of ten minutes was allowed after 
each ingestion. The subjects were given 20 c.c. of 95 per cent 
alcohol every fifteen minutes in 200 c.c. of “near beer” as the 
vehicle. No subject ingested less than 100 c.c. nor more than 
120 c.c. of alcohol. Between successive pictures all subjects were 
allowed five minutes’ rest in addition to the period for dark adap- 
tation. If a subject blinked or moved out of focus another 
picture was taken. Each picture was taken with an exposure of 
film from 5 to 10 sec. 

Each frame of film was displayed by a “ Kodatoy ” projector 
on a screen and measured in centimeters. The projection distance 
enlarged the pupil exactly 10 times. No attempt was made to 
measure the actual diameter of the pupil. The apparent diameter 
of the pupil as it appeared on the film for each subject was 
uniform and the same scale was employed in all measurements. 

V. Subjects. Because it was found that brown irises would 
not show a clear definition of the pupil on the film all cases selected 
for photographing were blue-eyed. They ranged in age from 
18 to 32 years; there were 10 females and 9 males. The subjects 
are to be grouped as follows: 

(1) Four normal adult females who were run twice a day for 
three or four days to determine possible variability in pupillary 
reflex activity. 

(2) Eight normal adults, 6 males and 2 females, who were 
subjected to emotional stimuli before or simultaneously with 
exposure to light to determine the effects of this form of stimu- 
lation upon the pupillary reflex activity. 

(3) Five normal adults, 4 males and 1 females, who were sub- 
jected to pain stimuli before or simultaneously with exposure to 
light to determine the effects of this form of stimulation upon the 
pupillary reflex activity. 

(4) Two normal adults, 1 male and 1 female, who were sub- 
jected to pain and emotional stimuli after exposure to light when 
the pupil had reached its minimal diameter to determine the 
effects upon the pupillary reflex activity. 
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(5) Three normal adult male subjects who ingested various 


i amounts of alcohol to determine the subsequent pupillary reflex 
te activity. These may be considered briefly individually: 
{ bi ; Subject HOJ. Age 24 yrs., weight 160 lbs.; moderately intoxicated but once 


approximately two years before the experiment; health excellent. 

Subject RP. Age 24 yrs., weight 150 lbs; drank moderately from once to 
three times a month for the past three years; prior to the experiment he had 
i not drunk for six weeks; health excellent. 

Subject CCJ. Age 28 yrs., weight 195 lbs.; drank moderately for the past 
two years and irregularly once every three months; prior to the experiment 
had not drunk for three months; health excellent. 
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Ea: Fic. 2. Photographic record of the right eye of subject AB following a 
nee ten minute period for dark adaptation. Stimulus was 960 ft. candles of 
a ie light. The beginning of the record is at the upper left hand corner. 
as VI. Results? Fig. 2 is a sample of the records obtained in 
EY Gari this study. Following the period for dark adaptation at the 
4 cE 2 Complete tables containing measurements of the pupil on which statements 
ce in the study are based are to be found in the author’s doctorate dissertation 
| Nhe . (1932) on “ The effect of pain and emotional stimuli and alcohol upon pupillary 
4 & ig reflex activity,” on file in the Library, Univ. of Iowa, Iowa City, Iowa. 
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moment the stimulus light was applied the pupil was large. It 
remained large for a short interval of time (the latent period) 
after which it rapidly decreased in size until it reached its minimal 
diameter (the contraction period). Each frame of film represents 
1/24th of a sec. 

(1). Variability in pupillary reflex activity from day to day. 
From Figs. 3, 4, 5 and 6 it is apparent that there was marked 
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Fic. 3. Graph of 6 records of the pupillary reflex contraction on different 
days for subject AB. 


consistency in the pupillary reaction from day to day under the 
same conditions for normal subjects. Subject AB showed the 
greatest and subject PK the least amount of variation. On all 
records the period of time giving the major portion of the con- 
traction (approximately 1.5 sec. following the latent period) 
exhibited the greatest amount of variation. The records of AB 
showed that the diameter following dark adaptation was the same 
on each, 5.3 mm.; that the latent period was .20 sec. on 5 records 
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and .25 sec. on one; and that the pupil reached its minimal diam- 
eter on 4 records in 3.5 sec. and on 2 records in 3.0 sec. Six 
records of subject EI revealed that the diameter following dark 
adaptation was the same (6.0 mm.) on 3 occasions, and the same 
(5.8 mm.) for 3 other records; that the latent period of 5 records 
was .16 sec. and for one record was .12 sec.; that the minimal 
diameter was reached at the end of 4.0 sec. on all 6 records. Six 
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Fic. 4. Graph of 6 records of the pupillary reflex contraction on different 
days for subject EI. 


records of subject HJ showed no variation from record to record 
for the diameter of the dark adapted pupil, 5.2 mm., the latent 
period, .20 sec., and the minimal diameter at the end of 3.75 sec. 
The 6 records of subject PK showed no variation from record to 
record for the diameter of the dark adapted pupil, 5.9 mm., the 
latent period, .20 sec., and the minimal diameter at the end of 
3.5 sec. 


Reeves (39, 40) stated that the size of the pupil under normal 
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conditions varied only slightly from day to day. The .25 mm. 
average deviation found in the present study with the subject AB 
who gave the largest deviation is but 5.8 per cent of the average 
diameter of the pupil at the end of .5 sec. This amount of fluc- 
tuation is strikingly small in comparison with the changes which 
are to be reported later. It is possible that had more records been 
obtained the deviation would have been even less. Certain fac- 
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Fic. 5. Graph of 6 records of the pupillary reflex contraction on different 
days for subject HJ. 
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tors which might have influenced the results to increase the 
apparent fluctuation were errors in measurement and the possi- 
bility that a subject did not focus on the proper focal point 
throughout a record and on the same focal point from sitting 
to sitting. 

(2). The effects of emotional stimuli upon pupillary reflex 
activity. The results of those persons subjected to emotional 
stimuli revealed several important facts. The latent period for 
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one subject remained the same while for seven subjects it increased 
by as much as .05 sec. to .17 sec. for the emotional pupillary 
reactions as compared with the normal. The rate of contraction 
remained the same for. one subject but for seven subjects it took 
longer for the pupil to reach its minimal diameter by from .5 sec. 
to more than 5.0 sec. The diameter of the pupil, following the 


‘period for dark adaptation at the instant the light stimulus was 
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Fic. 6. Graph of 6 records of the pupillary reflex contraction on different 
days for subject PK. 


admitted, remained the same for four subjects and was enlarged 
‘by from .2 mm. to as much as 1.2 mm. over its normal size for 
four subjects. 

Fig. 7 illustrates the effect of a gun shot coming at the same 
instant as the light stimulus. The diameter of the pupil increased 
1.2 mm., the latent period increased from .20 to .25 sec., and it 
took longer for the pupil to reach its minimal diameter. Figs. 8, 
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Fic. 7. Subject MLE. Solid line=the average normal contraction curve 
and the dotted line=the contraction curve following a gun-shot given simul- 
taneously with the light stimulus. 
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Fic. 8. Subject MW. . Solid line=the avetage normal contraction curve 
and the dotted“line=the contraction curve following an electrical shock 
administered simultaneously with the light stimulus. 
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9 and 10 illustrate the effects of an electric shock applied to the 
radial surface of the right forearm near the elbow, the stimulus 
in each case coming simultaneously with the light. The record 
of subject MW showed an increase in the diameter of the pupil 
by .2 mm. and an increase in the latent period from .16 to .33 
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Fic. 9. Subject HS. Solid line=the average normal contraction curve 
and the dotted line=the contraction curve following an electrical shock 
administered simultaneously with the light stimulus. 


‘sec. At the end of the eighth second the pupil had not reached 
its minimal normal diameter. The records of subjects HS and 
PN showed similar results. The striking changes produced in 
the record of PN (Fig. 10) following the shock stimulus might 
be explained on the basis of the fact that this subject was fore- 
warned of the nature of the stimulus to be administered. When 


the information had thus been supplied, his muscular tension was 
noticeably increased. 
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19 
Fig. 11 illustrates the changes produced following the presenta- 
tion of a white rat as the stimulus. Simultaneously with the light 
stimulus a live rate was placed in the hand of subject PK. The 
record showed no increase in the diameter of the pupil, but the 
latent period increased from .20 sec. to .29 sec. and the minimal 
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Fic. 10. Subject PN. Solid line=the average normal contraction curve 


and the dotted line=the contraction curve following an electrical shock 
administered simultaneously with the light stimulus. 


diameter reached at the end of the eighth second was .5 mm 
greater than the normal. 


(3). The effects of pain stimuli upon pupillary reflex activity. 
The effects of painful stimuli upon the size of the pupil and the 


rate of pupillary contraction were very slight and the results were 
inconsistent. The latent period remained the same for three 
subjects, increased from .16 sec. to .20 sec. for one, and decreased 
from .20 sec. to .16 for two. 


The rate of contraction remained 
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the same for five subjects but it required .5 sec. longer for the size 
of the pupil to reach the minimal normal diameter for one. The 
diameter following dark adaptation remained the same for four 
subjects, increased from 5.2 mm. to 5.8 mm. for one and decreased 
from 5.4 mm. to 5.2 mm. for another. There was a tendency 
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Fic. 11. Subject PK. Solid line=the average normal contraction curve 
and the dotted line=the contraction curve following the presentation of a 
white rat simultaneously with the light stimulus. 


for these subjects, however, to show a more rapid initial con- 
traction. 

Figs. 12 and 13 present the records of two persons subjected to 
painful stimuli. HCJ was pricked with a pin on the neck and 
subject MS on the right forearm simultaneously with the presen- 
tation of the light stimulus. Both of these subjects showed a 
more rapid initial contraction following the painful stimuli. Sub- 
jects DD, MLE and MW for whom no graphs are offered gave 
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no significant and consistent pupillary changes following the 
painful stimuli. 

(4). The effects of stimuli following light stimulus and min- 
smal contraction upon pupillary reflex activity. ‘Subjects RJ and 
MW were given an electrical shock and a painful pin prick, respec- 
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Fic. 12. -Subject HCJ. Solid line=the average normal contraction curve 


and the dotted line=the contraction curve following a painful pin prick on 
the neck. : 


tively, after their pupils had reached the minimal diameters. 
Figs. 14 and 15 show that immediately following the electrical 
shock and the pin prick the pupil fluctuated in size over a small 
range. There was no large dilatation but an indication of unrest 
which was characterized by oscillations in the diameter of the 
pupils. 

(5). The effects of alcohol upon the pupillary reflex activity. 
The results obtained from this phase of the study are incon- 
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sistent. Subjects RP and CCJ showed practically no changes in 
the size of the pupil, the latent period, and the rate of contraction 
after 20 c.c. of alcohol had been ingested. HOJ, however, indi- 
cated a more rapid contraction, showed an increased diameter of 
the pupil following the period for dark adaptation and a smaller 
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Fic. 13. Subject MS. Solid line=the average normal contraction curve 
and the dotted line=the contraction curve following a painful pin prick on 
the right forearm simultaneously with the light stimulus. 


minimal diameter. After 40 c.c. of alcohol had been ingested 
RP and CCJ both showed an unusual promptness of reaction, a 
smaller initial diameter of the pupil following dark adaptation 
and an inability of the pupil to reach a normal minimal diameter 
after 6.0 sec. Following the ingestion of more alcohol HOJ 
showed a return to the normal in latent period and rate of con- 
traction. He showed practically no changes after 100 c.c. of 
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Fic. 14. Subject RJ. Solid line=the average normal contraction curve 
and the dotted line=the contraction curve for the period in which the 
stimulus was applied after the pupil had reached its minimal diameter 
(indicated by the arrow when the electrical shock was administered). 
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Fic. 15. Subject MW. Solid line=the average normal contraction curve 
and the dotted line=the contraction curve for the period in which the 
stimulus was applied after the pupil had reached its minimal diameter 
(indicated by the arrow when the painful pin prick was applied). 
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alcohol had been ingested. As more and more alcohol was con- 
sumed RP and CCJ showed a slower contraction time, an increase 
in the diameter of the pupil subsequent to the dark adaptation 
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Fic. 16. Subject HOJ. Graph representing records obtained at different 


stages of alcoholic intoxication as compared with the average normal curve 
of contraction. 


period and a failure of the pupil to return to the normal minimal 
diameter. It remained from .4 to .5 mm. larger than the normal 
minimal diameter. Figs. 16, 17, 18 illustrate the findings on 
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the three alcohol cases. All records were not graphed because 
some did not show significant deviations from the normal. 
(6). Pupillary reflex changes in terms of percentages. Tables 
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Fic. 17. Subject RP. Graph representing records obtained at different 
stages of alcoholic intoxication as compared with the average normal curve 
of contraction. 


I, Il, ITI and IV give the percentage variations of records 
obtained under various experimental conditions as compared with 
those obtained under normal conditions. 
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In Figs. 3 to 18, inclusive, pupillary contraction fluctuations 
and changes have been graphed in terms of absolute amounts in 
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Fic. 18. Subject CCJ. Graph representing records obtained at different 
stages of alcoholic intoxication as compared with the average normal curve 
of contraction. 
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In the tables these changes are presented in terms of per- 
centage deviations from the averages of the diameter readings of 
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normal records at the different time intervals. The average per- 
centages presented in Table I are to be considered the ones with 


TABLE I. Average deviations in terms of percentage of day to day records 
taken of subjects under normal conditions 


Interval AB EI HJ PK Average 
0.5 sec. 5.8 4.2 2.4 0.6 3.2 
ia 5.4 2.4 2.5 0.0 2.6 
i Fite 5.6 2.8 3.0 0.7 3.0 
ao 4.1 4.0 2.6 L.2 3.0 
leg 2.4 3.5 3.8 1.7 2.9 
12a” 1.5 3.8 2.5 0.0 1.9 
sa 0.0 ‘3 2.0 0.9 1.1 
4.0 “ 0.0 0.0 0.0 0.0 0.0 
OR aby 0.0 0.0 0.0 0.0 0.0 


which all percentages of variation in subsequent tables may be 
compared. For example, for the four subjects (Table I) the 
average percentage fluctuation from day to day for the 0.5 sec. 
interval for the readings obtained under normal conditions was 
3.2 while the percentage of change for subject PK (Table II) 
for the 0.5 sec. interval was 16.8. 


TaBLe II. Percentage variations from the normal produced by emotional 
stimuli 


Interval MLE GK EH PMW PN HS MW PK 
0.5 sec. 2.0 me Fe 24 Wes 7.4 20.0 16.8 
ee ” o. me Ce 00@ 82 -as 0.0 14.7 
i Bie 1.9 fs ee oo A ee 16.6 10.0 15.8 
2.0 9.0 8.0 0.0 1.0 5.0 16.0 8.0 26.5 
2.0 = 10.0 ne Se CS 0.0 18.0 9.0 24.8 
| Mee 7.0 Be ¢3  §.8 0.0 9.0 0.0 15.9 
3.3% 8.0 oe FS 0.6 0.0 10.0 0.0 23.8 
Se 5.0 oo °§6S88. 0.0 0.0 5.0 0.0 16.4 
Fie 8.0 5.0 = ees 0.0 5.0 0.0 23.2 


It may be seen that under emotional stimuli certain subjects 
presented striking changes as compared with the changes incident 
to the normal day to day fluctuations. Only one subject (PMW) 
in the group subjected to emotional stimuli showed no striking 
changes while the other seven presented percentage deviations up 
to 100 per cent for most of the intervals up to and including the 
fifth second. Only one subject (Table III) out of the six sub- 
jects in the group confronted with painful stimuli presented 
anything like outstanding percentage deviations from the normal 
conditions. 























28 W. RALPH GRIGGS BENDER 


Tasie III. Percentage variations from the normal produced by pain stimuli 


Interval DD DD MLE HCJ MS MW 
0.5 sec. 2.0 5.0 2.0 14.0 11.0 4.5 
a * 6.0 6.0 1.0 0.0 0.0 0.0 
ioe 7.0 11.0 2.0 2.0 10.0 3.0 
ae 4.0 0.0 0.0 2.0 12.0 2.0 
rt hi 2.0 2.0 0.0 2.0 6.0 0.0 
— 2.0 0.0 0.0 0.0 2.0 0.0 
jo 2.0 0.0 0.0 0.0 0.0 0.0 
5 * 0.0 0.0 0.0 0.0 0.0 0.0 
5a.” 0.0 0.0 0.0 0.0 0.0 0.0 


The records of the subjects (Table IV ) following the ingestion 
of various amounts of alcohol revealed percentage variations 
greater than the normal in two out of three cases. The records 
of HOJ after each 20 c.c. of alcohol up to 100 c.c. had been 
ingested showed no percentage variations greater than the normal 
except the record obtained after the first 20 c.c. of alcohol, which 
record does present possibly significant changes. 


TasBLe IV. Percentage variations from the normal of records of subjects 
following the ingestion of various amounts of alcohol 


Intervals 20c.c. 40 c.c. 60 c.c. 80c.c. 100cc. 120c.c. 

0.5 sec. 3.3 3.3 1.0 1.0 aaa 

‘—.* 7.0 9.8 $.3 1.3 4.0 

5° 10.0 20.0 6.6 6.6 6.6 

8.0 12.0 0.0 0.0 0.0 

Be 2.3 a2 2.3 7.0 3.3 Subj. 
* Bie 4.7 4.7 0.0 0.0 2.0 HOJ 
ao. * 5.0 0.0 5.0 2.0 0.0 

2.9 0.0 0.0 0.0 0.0 0.0 

fis 0.0 0.0 0.0 0.0 0.0 

0.5 sec 1.0 $.7 2.3 5.7 2 meee 

-. 0.0 7.0 5.0 2.2 8.0 ee 

ce oe 6.0 9.0 6.0 3.0 6.0 aA: 

a 2.0 4.0 4.0 8.0 8.0 nt 

A Filan 2.0 6.8 13.6 13.6 9.0 re Subj. 
= 5.0 12.5 15.0 20.0 15.0 AAD RP 
a 5.0 13.0 15.8 26.3 21.0 te 

a. 7.8 15.8 15.8 26.3 21.0 ne 

OM Bike 20.0 15.8 15.8 23.6 21.0 cies 

0.5 sec 1.0 3.0 6.0 3.0 3.0 

in 2.5 3.8 2.5 7.7 ye 

io * 4.5 4.5 pe 9.0 3.0 

7. * 1.0 1.0 1.0 5.0 1.0 

Gh ag 0.0 8.7 4.3 8.7 4.3 Subj. 
ee 0.0 7.0 7.0 11.9 9.5 CCJ 
iin 0.0 7.0 7.0 9.5 9.5 

40.™ 0.0 12.5 12.5 15.0 15.0 

Ailey 0.0 iz.5 12.5 15.0 15.0 
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VII. Summary and conclusions. The main points of interest in 
this investigation of pupillary reflex activity centered about the 
results obtained when two forms of stimuli were used to disrupt 
the normal equilibrium of the iris musculature or the normal 
balance between the activation from the sympathetic and the 
parasympathetic nervous system respectively. One form of 
stimulation was light and the other form was extra-photic in 
nature—painful and emotional stimuli and alcohol. 

1. All subjects under normal conditions showed that the min- 
imal diameter of the pupil was reached in less than five seconds. 
The records of the subjects in this study revealed that the average 
normal pupil contraction time was 3.7 sec. The mode was 3.5 
sec. and the range was from 2.0 sec. to 5.0 sec. With respect to 
the latent period the records revealed that the length of time after 
light stimulation to the initiation of contraction was on the average 
.1875 sec., the mode being .20 sec. and the range being from .12 
sec. to .25 sec. 

2. There was a tendency for the pupil of the persons subjected 
to painful stimuli before, or simultaneously with, exposure to 
light to show a more prompt initial contraction immediately fol- 
lowing the latent period. This does not support the statement of 
Weiler (46) who maintained that a dilatation of the pupil may be 
provoked by painful impressions but does support the findings of 
Lowenstein (29) who stated that a painful prick did not inhibit 
the reaction of the pupil to light. Outside of the findings men- 
tioned the general results obtained from these subjects confronted 
with painful stimuli presented no consistent changes. 

3. All persons except one, who were subjected to emotional 
stimuli before, or simultaneously with, exposure to light, showed 
that the normal response of the pupil to light was inhibited. The 
diameter of the pupil, at the instant that the light stimulus came 
on, was larger than normal, the latent period was longer, the 
reaction subsequent to the latent period was more extensive and 
the pupil took a much longer time to reach its normal minimal 
diameter. Ldwenstein (29) found that the simultaneity of two 
forms of stimuli, light and emotional, caused the pupil to decrease 
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in stages or steps, remaining for a brief time on a level before 
decreasing further. This effect he called ‘ cascade,’ a character- 
istic of the emotional pupillary reaction. In the present study 
the ‘cascade’ effect was evident even in some subjects’ records 
under normal conditions and was not so pronounced in the records 
of the subjects affected by emotional stimuli, that it may be called 
a characteristic emotional pupillary reaction. 

4. When a painful or an emotional stimulus was introduced 
at the time following the light stimulus when the pupil had 
apparently reached its minimal diameter, the pupil exhibited a 
fluctuation in size over a small range. 

5. The subjects who ingested alcohol exhibited in their records 
inconsistent results in pupillary reflex activity. One subject after 
20 c.c. of alcohol and two subjects after 40 c.c. of alcohol had 
been ingested showed a more prompt initial contraction. This 
finding is the same as that of Weiler (46) in three of five of his 
subjects. Following the ingestion of more alcohol, however, the 
pupil returned in contraction time, diameter and latent period to 
approximately the normal in two cases out of three. After the 
ingestion of still more alcohol, the pupil exceeded the normal in 
these three respects in two subjects. After 40 c.c. of alcohol, the 
minimal normal diameter was never reached for two of the three 
subjects. The pupils of these two subjects showed the minimal 
pupil diameter which was .4 mm. and .5 mm. above normal to be 
reached approximately in the normal rate of contraction. This 
fact indicates a tendency for alcohol to stimulate the sympathetic 
nervous system sufficiently to maintain a slight pupillary dilatation 
even under a strong light, besides, of course, acting as a depres- 
sant on the parasympathetic nervous system. Further, these same 
two subjects showed an increase in the latent period after the 
ingestion of 80 c.c. of alcohol. 

6. All records showed that irrespective of the kind or amount 
of extra-photic stimulation the pupil reacted to light with contrac- 
tion. This statement is supported by anatomical facts (9) (33) 
which reveal that the contraction mechanism is older both phylo- 
genetically and ontogenetically than the dilatator mechanism. 
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SOME NEURO-PHYSIOLOGICAL SOURCES OF 
ACTION-CURRENT FREQUENCIES 


by 


DonaLp B. LINDSLEY 


I. Introduction. An action-current may be thought of as an 
electrical manifestation of underlying activity of muscle and 
nerve, 1.¢., a negative variation or potential occasioned by a 
chemico-physical process which may be explained in terms of 
some form of the membrane theory. An action-current wave 
shows characteristics similar to those of the sound-wave, namely, 
frequency, amplitude, and wave-form. The latter two character- 
istics have so far proved to be of relatively little value in the 
interpretation of nervous and muscular activity: wave-form, 
because of the lack of applicability of Fourier analysis to a non- 
repeating pattern; and amplitude, because of variable skin and 
tissue fluid resistances and the limitation of variability by the all- 
or-none law in a single unit. On the other hand most of the 
functional variation in neuro-muscular activity can be accounted 
for in terms of frequency of the action-currents. 

Since frequency has recetved the main emphasis in action- 
current studies, it seemed desirable to determine some of its 
possible neuro-physiological sources and its comparative values 
in muscle and in nerve. 

In a typical reflex arc there are certain factors affecting action- 
current frequency, among which may be the refractory period of 
both sensory and motor units (keeping in mind that the refractory 
period may vary with the intensity of the stimulus), the number 
of active units, and the time relations of their respective dis- 
charges. In addition to these, which are inherent in the reflex 
arc, there are other factors which are chiefly responsible for 
action-current frequency and which we shall designate as sources. 
Richter (30), Adrian and Bronk (3), and others have shown that 
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proprioceptive impulses from the contracting muscle form a very 
definite part of the centripetal impress upon the anterior horn cells 
in the reflex arc concerned. The centripetal impulses from 
sources both diverse and related, contralateral and ipsilateral, 
must also be evaluated. These latter impulses include those from 
antagonistic muscle groups, from the contralateral counterpart, 
where there is one, and from other more distantly related muscle 
groups, which necessarily enter indirectly into the activity of the 
gross movement of the limb. Included also in this category are 
the various sensory components such as pain, temperature, and 
pressure. Finally, the ever-present influence of the higher centers 
of the central nervous system over the lower subordinate ones 
must be recognized. 

Specifically, this study concerned itself with the influence of 
three main factors upon action-current frequencies as expressed 
in a peripheral muscle or nerve: the proprioceptive influence of 
the sensory part of the arc under consideration, proprioceptive 
and other influences from the sensory fields of other interrelated 
arcs, and the influence of the higher centers over the particular arc 
studied. In addition, in terms of action-current frequency, the 
functional relationship between muscle and nerve during both 
reflex and voluntary activity has been studied. 

II. Apparatus and procedure. The recording apparatus con- 
sisted of two identical, non-interfering, three-stage resistance- 
coupled amplifiers, a Westinghouse oscillograph, a General Radio 
low frequency oscillator, and a signal circuit. The two ampli- 
fiers were perfectly matched in regard to frequency, intensity, 
and wave-form (Fig. 1). A special photographic unit carrying 
Eastman super-speed motion-picture film was used for most of the 
recording, although photographic recording paper was used for 
some phases of the study. On all of the records time was 
recorded in sigma. In all cases the operative procedure was car- 
ried out under deep ether anaesthesia and the records were secured 
under very light ether anaesthesia (20 to 30 min. after the dis- 
continuance of ether). 

All of the electrodes used for recording action-currents from 
exposed muscles and nerves were made of silver and silver- 
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chloride. Those used on the exposed muscles consisted of wires 
flattened to give a plate-like surface 2 mm. square and 1 mm. 
apart. For recording from nerves, the wires were bent to form 
hooks which would partially encompass the nerve. Except on the 
immediate recording surface these electrodes were coated with 
bakelite varnish for insulation and fused into glass tubes which 
carried the input leads. The electrodes used in connection with 
recording action-currents from the gastrocnemius muscle of the 
rat and from the forearm flexors and the quadriceps femoris 
group in human subjects were brass plates covered with canton 
flannel which was saturated with concentrated salt solution. 
Those used for the white and hooded rats were 2 mm. square and 





Fic. 1. Record showing the ability of two amplifiers to give perfectly 
synchronized responses to a single action-current source (forearm 
muscles) when the input wires to the amplifiers were connected in parallel. 
The two action-current lines are represented at the bottom. The top line 
indicates time in o. 


1 mm. apart and those used for human subjects were 5x 1 cm. 
For both the human subject and the rat the electrodes were 
attached as nearly as possible over the motor point of the muscle 
under consideration. They were curved slightly to fit the curva- 
ture of the muscles and were held in place by rubber bands. A 
Smedley hand dynamometer was used to measure vartous intensi- 
ties of contraction of the forearm muscles during voluntary flexion 
of the digits. 

Although additional data in connection with the influence of 
higher levels upon lower levels of the central nervous system have 
been taken from studies upon human subjects, most of the results 
presented in this paper have been derived from experiments 
involving the Achilles reflex arc of the rat. Further attempts to 
study the functional relationship between muscle and nerve have 

















36 DONALD B. LINDSLEY 


involved the use of the superior laryngeal nerve and the crico- 
thyroid muscles of the dog, and a sciatic-gastrocnemius rheoscopic 
heart preparation from the frog. 

In all procedures involving the use of the Achilles reflex arc 
the reflex was elicited by tapping the tendon with a small steel 
hammer. This hammer constituted one end of the signal circuit 
which was completed when the hammer struck a small brass plate 
fastened over, but insulated from, the Achilles tendon. This 
signal was not absolutely necessary since we were not primarily 
interested in reflex times. It was useful, however, in differ- 
entiating and identifying responses by their temporal relationships. 
In some cases it was not used due to the tendency of the recording 
amplifiers to “ pick-up”, by induction, currents from the signal 
circuit which was often in close proximity to the lead-off 
electrodes. 

All frequencies presented in this study were taken to include 
every peak or undulation of the action-current wave during the 
particular discharge in question. This involved no differentiation 
of primary and secondary waves or “ Nebenzacken ”’. 

III. Methods and data: 1. Proprioceptive impulses in _ the 
Achilles reflex arc. The Achilles reflex arc of the rat furnished an 
adequate system for investigating the proprioceptive influences 
upon action-current frequencies. This reflex arc consists of at least 
the gastrocnemius muscle, the sciatic nerve, and the corresponding 
sensory and motor roots with their central connections. The skin 
and superficial fascia over the popliteal space were incised expos- 
ing the internal popliteal nerve. Previous to the use of two 
amplifiers records were secured from this nerve proximal to its 
branches to the two heads of the gastrocnemius muscle by placing 
a pair of hooked electrodes under it and leading off to a single 
amplifier. Such records were obtained from eight rats, the 
frequency readings of which are shown in Table I. The sensory 
arid motor discharges were differentiated.by temporal factors, as 
is illustrated in Fig. 2. 

In the internal popliteal nerve the sensory discharge usually 
appeared from .5 to 1.5 o after the mechanical stimulus to the 
tendon and was of short duration as it passed along the nerve to 
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the cord. In reflex activity it was’ composed of two or three 
waves which were apparently the result of impulses of propriocep- 
tive origin. Centripetal impulses, such as these, play upon 


TABLE I. Action-current frequencies from the internal popliteal nerve above its 
bifurcation, from its lateral and medial divisions to the gastrocnemius 
muscle, and from the lateral and medial heads of the gastrocnemius muscle 
following Achilles reflex stimulation. Recorded with a single amplifier 








Internal popliteal nerve Gastrocnemius muscle 

Rat Above Lateral Medial " Lateral Medial — 
bifurcation division division head head 

Sen. Mot. Sen. Mot. Sen. Mot. 
1 606 739 614 758 653. 775 659 749 
2 666 710 600 690 ad | aie 702 wats 
3 583. 765 666 739 650 721 697 641 
4 619 748 697 817 666 829 700 733 
5 666 733 615 756 644 761 ae eG 
6 637 711 647 738 634 716 ah 

7 653 748 aig) ue NaS ee as 644 ale 
8 550 732 eager © wal oaks mer 652 


anterior horn cells in combination with the discharge from upper 
motor neurones and other interconnecting systems to form the 
irregular motor impulse discharge which is of greater duration, 








Fic. 2. Action-current record taken from the internal popliteal nerve 
during Achilles reflex stimulation showing sensory and motor discharges 
separated by a period of quiescence. Recording by single amplifier. Top 
line = 1000 cycle time line; middle line—action-current line; bottom 
line = signal line. The first break in the signal line (from left to right) 
indicates instant of stimulation of Achilles tendon. 


amplitude, and frequency. In the internal popliteal nerve the 
motor discharge appeared suddenly 4 to 5 o after the termination 
of the sensory discharge. The total time elapsing between the 
tapping of the tendon and the appearance of the motor discharge 
was in the neighborhood of from 6 to9«¢. This latency is com- 
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posed of the receptor time, the conduction time in both afferent 
and efferent fibers, and the ‘‘ reduced reflex time ’’.! 

This method of recording with one amplifier was of value for 
studying the sensory and motor discharges during reflex activity, 
but would be of little value for recording voluntary response due 
to the overlapping of such discharges. However, for the reflex 
it amounted practically to a simultaneous recording of the 
discharges of such a response. In terms of the temporal relation- 
ships involved, the validity of this technique has been demon- 
strated by Herren and Lindsley (16). Since other aspects of the 
study necessitated simultaneous recording, it was deemed advis- 





Fic. 3. Action-currents recorded simultaneously from the sensory and 
motor roots of the fourth lumbar nerve. The break in the first line at the 
top shows the instant of stimulation of the Achilles tendon. The second 
line gives time in ¢. The third line shows the motor discharge (action- 


currents) appearing a few o after the sensory discharge shown in the 
bottom line. 


able to bring two perfectly matched amplifiers to serve in this 
investigation of the proprioceptive influences within the reflex arc 
and thus further check the results of the preceding technique with 
one amplifier. 

An incision was made through the sacro-spinal muscle mass at 
the level of the fourth lumbar nerve. The spinous processes and 
laminae were removed and the dura mater incised, allowing access 
to the sensory and motor roots of this nerve. Two pairs of 
hooked electrodes placed gently under the sensory and motor roots 
led off the sensory and motor discharges respectively, which were 
transmitted to the amplifiers and thence to the oscillograph ele- 
ments which recorded them as separate records on the film. A 

1“ Reduced reflex time” refers to the difference in time between the appear- 
ance of the sensory discharge in the sensory root and the appearance of the 


motor discharge in the motor root, e.g., the amount of time it takes a reflex 
impulse discharge to pass through the spinal cord. 
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sample of such a record is shown in Fig. 3. The results of this 
recording from the sensory and motor roots of the fourth lumbar 
nerve of ten rats during the elicitation of the Achilles reflex are 
given in terms of action-current frequencies in Table II. It will 


TaBLe II. Action-current frequencies recorded simultaneously from the sensory 
and motor roots of the fourth lumbar nerve, and from the internal popliteal 
nerve and the gastrocnemius muscle 


Fourth lumbar nerve 
at a 





rc ~ Internal 
Rat Sensory Motor popliteal Gastrocnemius 
root root nerve muscle 

1 648 846 759 657 

2 656 840 776 676 

3 639 794 630 527 

4 496 682 666 571 

5 See aoe 652 550 

6 644 815 736 603 

7 622 761 685 526 

8 Bis vac 541 363 
10 500 638 ays cite 
12 579 673 are ca 
14 600 666 666 450 
15 634 755 ah ee 
16 are Pee 784 482 
17 580 744 ee nes 


be noted that these results verify those of the preceding technique 
with one amplifier and also that both systems of recording show 
the same characteristics for the two types of discharge, namely, 
a greater frequency, amplitude and duration of the motor dis- 
charge than of the sensory discharge. 

Of interest also was the recording of action-currents from the 
internal popliteal nerve above the division or bifurcation of this 
nerve to the lateral and medial heads of the gastrocnemius muscle 
and also directly from these divisions. The characteristics of 
the discharge in these two branches, i.¢., frequency, duration, and 
amplitude, were practically the same as in the internal popliteal 
proximal to these divisions. This appears to be evidence in favor 
of pluri-segmental innervation of individual muscle fibers as sug- 
gested in a diagram by Lederer and Lemberger (26). Since the 
gastrocnemius is a plurisegmentally innervated muscle, at least it 
gives indication of an analogous plan for the innervation of the 
two heads of the gastrocnemius. Further evidence for the pluri- 
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segmental innervation of the gastrocnemius will be presented in 
a succeeding section. . 

2. The influence of interrelated arcs upon action-current fre- 
quency in the Achilles reflex arc. By the operative procedure 
previously described the sensory and motor roots of the fourth 
lumbar nerve were exposed. Two pairs of hooked electrodes, 
one under each root, led off action-currents during Achilles tendon 
stimulation. Leaving the electrodes in the same position on the 
sensory and motor roots of the fourth lumbar nerve the other 
ipsilateral nerves which compose the sciatic plexus or join with 
the sciatic nerve (determined by electrical stimulation) were sev- 
ered at their point of entrance to the spinal cord. Records were 
then taken during the elicitation of the Achilles reflex. To fur- 
ther isolate this arc and eliminate still other possible influences 
playing upon it, all of the contralateral nerves concerned with 
crossed flexion or extension were severed. Frequency readings 


from six rats serving in this phase of the study are presented in 
Table IIT. 


TABLE III. Action-current frequencies from the sensory and motor roots of the 
fourth lumbar nerve during elicitation of the Achilles reflex with all 
ipsilateral and contralteral roots intact; with either all the other both 
ipsilateral and contralateral roots of the sciatic plexus cut, or with only all 
the other ipsilateral roots cut. Simultaneously recorded with two amplifiers 








Ipsilateral Ipsilateral and 
Normal roots cut contralateral roots cut 
Rat cr AN ~\ cr A. na, "gaa vi remy 
Sensory Motor Sensory Motor Sensory Motor 
root root '. root root root root 
18 647 770 | 624 789 664 787 
19 579 673 590 689 593 661 
20 620 724 601 710 609 735 
21 639 770 694 783 632 772 
22 634 755 620 750 625 768 
23 633 738 | 642 721 687 851 


It will be noted that with one exception (rat 23) the frequencies 
obtained from the sensory and motor roots of the fourth lumbar 
nerve with either the ipsilateral or the ipsilateral and contralateral 
roots cut were practically the same as those from the sensory and 
motor roots of the fourth lumbar nerve with all the ipsilateral and 
contralateral nerves intact. This may mean that one or more of 
these segmental roots is capable of maintaining independently the 
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contraction of the gastrocnemius muscle. Panizza [Fulton (12) 
_p. 180] suggested such a “ community of function” among motor 
nerve-roots. He believed that each motor nerve-filament of a 
nerve-plexus was capable of maintaining the motor function of 
the whole plexus and that the purpose of a number of roots was 
for alternative pathways in case of injury. Kronenberg [Ful- 
ton (12) p. 181] has added additional evidence to this belief in 
his finding that excitation of a single root of the brachial plexus 
caused contraction of practically all the muscles of the limb. We 
have found also that action-currents taken successively from the 
sensory and motor roots of the third, fourth, and fifth lumbar 
nerves during Achilles reflex stimulation are of very nearly the 
same frequency. The action-currents from any one of these 
roots with the others cut showed the same frequency. The 
muscle action-current frequency under these varying conditions 
remained practically the same. This would seem to be further 
evidence of the possible individuality of function:of the roots 
concerned with the innervation of the gastrocnemius muscle and 
also of the plurisegmental nature of this innervation. To a cer- 
tain extent artificial stimulation with an induction-coil of any of 
the above mentioned roots caused contraction of the gastroc- 
nemius muscle. Similarly also stimulation of the central cut ends 
of either the third or fourth lumbar nerves with the fifth remain- 
ing intact produced activity of the gastrocnemius muscle. It 
seems that these facts argue for the possible independent function- 
ing of these three arcs but indicate that there is a close relationship 
between them which may become one of mutual dependence in 
case of injury or perhaps under prolonged stimulation. That a 
subtle effectual relationship between these different arcs did exist 
might be suggested from the exceptional case, rat 23, in which 
there was a decrease in frequency with the ipsilateral roots cut and 
an increase in frequency with the contralateral and ipsilateral 
roots severed. 

3. The relationship between higher and lower levels of the 
central nervous system and the resulting effect upon action-current 
frequencies in peripheral muscles when the relationship ts altered. 
The dominance of the phylogenetically more recently acquired 
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higher levels over the lower subordinate ones is a generally 
accepted fact. To examine this concept further and to determine 
to some extent its influence on the frequency in peripheral action- 
current patterns we have proceeded in two directions. First, we 
produced a general but temporary reduction of higher center con- 
trol in human subjects by common clinical methods such as the 
administration of alcohol and the induction of hypnosis. These 
methods gave the general effect of a reduction in higher center 
control during voluntary activity. Second, we sought to reduce 
more or less permanently higher center control in rats by the 
experimental production of lesions in the cerebral cortex and by 
transection of the spinal cord. 

(a) Cortical destruction in rats. After a suitable opening had 
been made in the skull destruction of cerebral tissue was accom- 
plished by electro-cautery. Since these same animals were used 
in a learning experiment the areas destroyed were dictated largely 
by that experiment. The delimitation of the destruction by his- 
tological section will be presented at a later date. For our pur- 
poses, however, the gross determination of the area destroyed will 
be sufficient. Diagrams with the respective areas of destruction 
plotted are shown in Fig. 4. The handedness of these rats had 
been tested’? and the area of destruction was always in the deter- 
mined dominant hemisphere. By comparing the diagrams in 
Fig. 4 with those in Fig. 5 the loci of the ablations can be 
determined. 

Action-current frequencies were obtained from the gastroc- 
nemius muscle during elicitation of the Achilles reflex before the 
operation. ‘Two days following the operation, when all the effects 
of shock had apparently disappeared and the animals were again 
active, and at successive monthly intervals thereafter, records 
were taken. The frequency readings derived from these records 
are givenin Table IV. Unfortunately records were taken before 
the operation only from the left gastrocnemius muscle during 
the elicitation of the Achilles reflex. Consequently there are no 

2In determining the handedness of the rats we followed the method described 


by Tsai, L. S., and Maurer, S., “ Right-handedness”’ in white rats, Science, 72, 
1930, 436-438. 
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normal right Achilles records for comparison with the right 
Achilles records following the operation. This may not be such 
a serious omission, however, as far as our results are concerned, 








Fic. 4. Diagrams of the rat’s brain (superior and lateral views) show- 


ing in the stippled areas the extent of destruction in each rat’s brain by 
electrocautery. 





Fic. 5. Diagram of rat’s brain (modified from Fortuyn). A= motor 
area; Bo=sensory area; C—auditory area; D=visual area; and 
E = olfactory area. 


since only in the case of two animals was there destruction of the 
left cerebral hemisphere which directly involved the right Achilles 
reflex arc. Furthermore, by comparison of the right Achilles 
records in these two rats after the operation with those from the 
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other six rats in which a different hemisphere was cauterized, and 
also by a comparison of the frequencies at various periods when 
records were taken, it may be seen that the same results apparently 
held for the right reflex as they did for the left reflex, for which 
there was an adequate check with normal records. It is evident 
from Table IV that the frequency from the left gastrocnemius 
muscle during the Achilles reflex, in the rats with the right hemi- 
sphere cauterized, was greatly reduced from the frequency present 
in the normal records before the operation. This same situation 
appeared to be true in the right reflex records from animals with 
the left hemisphere cauterized. The reduced frequency made its 
appearance in the first records following the operation and was 
here also reduced to the greatest extent. It will be noticed that 
each successive record taken at monthly intervals shows the fre- 
quency less decreased until at the end of the fourth month the 
frequency had again returned to the normal level in all of the rats 
which were still alive. Assuming that the frequency in the normal 
records was approximately the same in both the right and left 
gastrocnemius muscles, we can note an increased frequency in the 
right reflex records following the operation corresponding some- 
what to the decrease in the left reflex records in the rats with 
the right hemisphere cauterized. In other words, there was a 
decrease in action-current frequency immediately following the 
operation in the gastrocnemius muscle on the contralateral side 
to the hemisphere cauterized, but an increase in action-current 
frequency in the gastrocnemius muscle on the ipsilateral side. 
These results seem all the more important in the light of the fact 
that the handedness of all the animals, except one which was 
ambidextrous, changed. This may be interpreted to mean that 
the cerebral dominance likewise shifted from one hemisphere to 
the other. The shift in handedness along with additional data is 
to be reported soon by Herren and Lindsley (17). 

The decrease in action-current frequency from the gastroc- 
nemius muscle immediately following the cerebral destruction on 
the contralateral side with the subsequent gradual increase of the 
frequency as time went on to a preoperative value was indicative 
of an immediate “ release phenomenon ”’, that is, a reduetion of 
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cortical control which is normally imposed on lower subordinate 
centers, followed by a period during which much of the control 
of higher over lower levels returned. This fact is corroborated 
by a reduction in reflex latencies in the Achilles reflex arc as will 
soon be published by Travis, Herren, and Lindsley (37). It is 
well known in clinical neurology that subsequent to brain lesions 
there is a readjustment in the functional activity in the neighbor- 
hood of the lesion in which the remaining nervous tissue tends 
to take over the functions of the area destroyed. That such a 
process of restitution was going on in the injured hemisphere with 
the consequent restoration of control to that hemisphere seemed 
evident from the fact that the frequency of action-currents in the 
muscle contralateral to the injured hemisphere decreased immedi- 
ately following the destruction but subsequently returned to 
normal during the succeeding months, whereas in the muscle 
ipsilateral to the injured hemisphere the frequency immediately 
increased but during the following months returned again to its 
normal value. It is quite conceivable that under the influence of 
the process of restitution the originally dominant but injured 
hemisphere was incapable of maintaining its dominance and as a 
consequence the shift of dominance to the opposite hemisphere 
took place with a resulting change of handedness. Interestingly, 
however, this change of handedness did not transpire suddenly but 
was a gradual shift from one hand to the other. The apparent 
increase in action-current frequency in the gastrocnemius muscle 
of the side ipsilateral to, the operated hemisphere immediately 
following the operation seemed to indicate that the originally non- 
dominant hemisphere was then exhibiting an influence greater 
than before, but one which progressively diminished as was indi- 
cated by the diminution in frequency from this ipsilateral muscle 
paralleling the restoration of control in the originally dominant 
hemisphere. 

(b) Spinal transection. Further information concerning the 
“release phenomenon ”’ has been made possible by work with a 
‘spinal’ rat in which there was produced a general reduction in 
higher level control of a permanent nature. The rat was made 
‘spinal’ by transection of the cord in the mid-thoracic region. 
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Left Achilles reflex and crossed flexion reflex records were 
obtained from the gastrocnemius and tibialis anticus muscles 
respectively, both before and after the operation. The frequency 
readings from these records are given in Table V. Here we see 
that with each successive month the frequency decrease which 
immediately followed the transection of the cord, became less, 
until finally at the end of the third month the frequency had again 
returned to normal. These data, in which the influence of higher 
centers was cut off entirely, parallel those presented in Table IV 
which show the result of such reduction following cortical lesion. 


TABLE V. Action-current frequencies from the gastrocnemius muscle of a 
rat during elicitation of the Achilles reflex and from the tibialis anticus 
muscle during elicitation of the crossed flexion reflex. Records were 
taken before the rat was made ‘ spinal’ and at successive intervals there- 
after as indicated. 


Date Left Achilles Left crossed flexion 
Normal records: 

3/1/32 529 499 
Postoperative records: 

3/22/32 400 517 

4/1/32 444 497 

4/6/32 472 500 

6/1/32 533 — 


Records from both ipsilateral and contralateral sides would prob- 
ably show the same phenomena since the reduction was general, 
although as pointed out by Herren and Fossler (15) the crossed 
reflex seems not to be affected by a reduction in higher center 
control. The explanation of the return of the frequency to a 
normal value can be interpreted on the same basis as that cited 
above, namely, that restitution has taken place. In this case, 
however, it amounted to a restoration of control probably to some 
upper spinal cord level. 

(c) Reduction of higher level control by alcohol. Intoxica- 
tion was produced in five subjects by the ingestion of 95% grain 
alcohol (150-200 c.c.) in solution with “near beer”. In three 
of the subjects, both before and during the state of intoxication 
action-currents from the flexor sublimis group of muscles were 
obtained during certain degrees of contraction as indicated by 
kilogram values on a hand dynamometer scale. The contraction 
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was maintained in each case for three seconds or less.* The 
action-current frequencies were determined for comparable inten- 
sities of muscular contraction under both normal and intoxicated 
conditions. In the other two subjects action-current frequencies 
were secured from the quadriceps femoris group of muscles dur- 
ing voluntary extension of the foot to the horizontal level both 
before and during alcoholic intoxication. The results from these 
five subjects are presented in Table VI. Here it may be noted 
that for comparable degrees of contraction the action-current fre- 
quency was markedly decreased under the influence of alcohol. 
That this decreased frequency of action-currents under alcoholiza- 


TABLE VI. Action-current frequencies from the forearm flexor group of 
muscles and from the quadriceps femoris group in human subjects under 
normal conditions, under the influence of alcohol, and under hypnosis. 
Each group of contractions was of comparable intensity. 








7-——— Normal ~ £ Intoxicated ‘ir Hypnosis——~ 

Sub- Forearm Quadriceps Forearm Quadriceps Forearm Quadriceps 
ject flexors femoris flexors femoris flexors femoris 

A 442 ea 379 

B 474 Jee 455 

a 439 rat 403 ik 

D tie 446 ye 405 

E 399 for a 348 i Ge 

F 456 a ae 421 

G Nee 458 Eee 412 

H 468 Peles 421 oe 


tion was the result of a temporary reduction in higher center 
control was apparent. Further evidence in this behalf has been 
presented by Travis and Dorsey(35) and Herren and Fossler(15), 
who found a reduction in reflex response latencies in both human 
and animal organisms under alcoholic influence. Both pairs of 
investigators found that.the latency returned to normal with the 
resumption of higher center control. 

(d) Influence of hypnosis on action-current frequency. Fol- 
lowing the methods outlined above, action-currents were obtained 
in three subjects during the waking state and under deep hyp- 
nosis. The results are presented in Table VI. Here also was 


3 For matters of technique and general discussion of the relation of action- 
current frequency to degree of muscular contraction see Travis, L. E., and 
Lindsley, D. B. The relation of frequency and extent of action currents to 
intensity of muscular contraction, J. Exper. Psychol., 14, 1931, 359-381. 
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noted a distinct decrease in frequency of action-currents under 
the influence of hypnosis. Although no satisfactory explanation 
of hypnosis was available it seemed possible that it was accom- 
panied by or expressed itself in a general reduction of cortical 
control. This concept was borne out by the decreased frequency 
of action-currents found here. The particularly varied influence 
of special suggestion as reported by Nevski and Syrashchich (28) 
and as also found in this study, might indicate that there was also 
a selective influence operative. This was evident in our own 
results from the fact that during the same objective contraction 
the action-current frequency would vary if the suggestion was 
qualified by such statements as “ easy to do”’ or “ difficult to do”. 
Travis (34) has found that with special suggestion in hypnosis 
the reflex latency can be reduced significantly. 

4. The relationship between muscle and nerve action-currents. 
Our findings, which showed large discrepancies between the fre- 
quencies of action-currents from muscle and those from adjacent 
innervating nerves, have led us to reopen a problem supposedly 
settled by Dittler and Garten (8), and Gasser and Newcomer (13). 
These workers recorded action-currents from the phrenic nerve 
and the diaphragm simultaneously and found them of the same 
frequency and form from both of these structures. 

(a) Gastrocnemius muscle—sciatic nerve relationship in the 
intact rat. As shown in Tables I and II the frequency of action- 
currents from the sciatic nerve at the internal popliteal space was 
significantly greater than that from the gastrocnemius muscle 
during reflex activity. Table I in particular shows that this rela- 
tionship existed between the branches of the internal popliteal 
nerve and the respective heads of the gastrocnemius muscle. Dur- 
ing voluntary activity this relationship between the two structures 
mentioned has been even more pronounced. 

(b) Cricothyrotd muscle—superior laryngeal nerve relation- 
ship in the intact dog. Action-current records, taken simultane- 
ously from the left cricothyroid muscle and from the left external 
superior laryngeal nerve of a dog during the voluntary activity of 
whining, showed that the frequency from the nerve was substan- 
tially higher than that from the muscle. Of interest in this con- 
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nection was the fact that the action-current frequencies from the 
two cricothyroid muscles were the same during this activity. 

(c) Sciatic nerve—gastrocnemius muscle rheoscopic heart 
preparation of the frog. Inthe frog, a rheoscopic heart prepara- 
tion was made leaving the gastrocnemius muscle with its normal 
attachments intact so that it might contract under comparatively 
isometric conditions. This preparation was arranged in clamps 
so that it was held stationary and rigid although still allowed the 
freedom of movement necessary to the extension of the foot 
occasioned by contraction of the gastrocnemius. By means of 
the hooked electrodes under the sciatic nerve and the plate elec- 
trodes on the belly of the gastrocnemius muscle action-currents 


Tas_e VII. Action-current frequencies from the sciatic nerve and the gas- 
trocnemius muscle in frogs. Action-currents from the contracting heart 
muscles (rheoscopic heart preparation) provided the intermittent stimult. 


Frog Sciatic nerve Gastrocnemius muscle 
A 948 604 
B 862 533 
C 806 500 
D 739 475 
E 819 531 


were taken simultaneously from these two structures. Contrac- 
tion of the gastrocriemius was caused by the action-currents from 
the contracting heart which were led into the muscle by the nerve. 
This preparation was used to fulfill the need of an artificial stimu- 
lus to a nerve-muscle preparation, since an ordinary induction 
stimulus to the nerve in the proximity of the amplifier electrodes 
would be apt to interfere with the amplification of the action- 
current waves. The results presented in Table VII show the 
frequency of action-currents from the nerve to be much greater 
than that of the action-currents from the muscle. 

All of these lines of evidence point to the conclusion that during 
both voluntary and reflex activity the frequency of action-currents 
from muscle and nerve is not the same but that there is a higher 
frequency in the nerve than in the muscle. 

IV. Discussion. Proprioceptive impulses originating in the 
end-organs of the muscle as the result of an initial stretching or 
shortening of the muscle apparently furnish the bulk of the sen- 
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sory discharge which impinges upon the anterior horn cells. We 
must not overlook the fact that the sensory discharge may be 
composed of impulses of both excitatory and inhibitory nature 
from both the sensory end-organs under immediate consideration 
and from other sensory end-organs in the animal. That the 
sensory discharge had been augmented was evident from the dif- 
ference of frequency in it and in the motor discharge. Whether 
this augmentation was due to impulses from higher centers 
and interrelated arcs or to branching paths in the spinal cord 
[Forbes (11)] which tend to spread out the afferent impulses is 
a problem difficult of analysis. Since, however, we have found 
in such situations as we have investigated that the effect of inter- 
related arcs was practically negligible as far as a direct contribu- 
tion to the motor discharge was concerned, it becomes apparent 
that the increased frequency in the motor discharge was a func- 
tion of the influence of the higher centers and the various branch- 
ings of the afferent and interconnecting neurones in the cord. 
We are inclined to agree with the assumption of Forbes (11) and 
others that individual impulses follow different and branching 
paths in the cord which are of varying length and conductive 
capabilities. Finding the sensory discharge to be of lower fre- 
quency, shorter duration, and greater regularity than the motor 
discharge indicated that the greater irregularity of the latter was 
not due to the serial stimulation of afferent endings but rather to 
the branching reflex paths’ in the cord which cause temporal 
disperson and asynchronism of impulses. 

The findings of the present study support the view that the 
proprioceptive impulses operate against a background or upon a 
‘set stage’ which is capable of great variability. That inhibi- 
tion operates to control the centrifugal discharges and has its 
effect somewhere on the efferent side of the arc is evident. It 
may be of local nature, t.e., within the arc itself, as it is known 
that there are proprioceptive inhibitors as well as excitors and 
that there is reciprocal innervation wherever antagonistic muscle 
groups are concerned. Similarly we must recognize the inhibi- 
tory and excitatory effects which operate in connection with 
crossed reflexes. Lastly, our results show that by interference 
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with higher center control by cortical destruction, alcohol, hyp- 
nesis, and spinal transection a change (reduction) in the fre- 
quency of action-currents in the muscle was produced. By “ set 
stage’, then, is meant all of the influences, both inhibitory and 
excitatory, which we have just mentioned, as they impinge upon, 
or exist in the neighborhood of, the anterior horn cells and leave 
in their wake such conditions as “ subliminal fringe” [Denny- 
Brown and Sherrington (7), and Sherrington (33)] or analogous 
inhibitory effects. Other results are recruitment and derecruit- 
ment processes in which, under continued excitatory or inhibitory 
stimuli, the number of active motorneurones is increased or 
decreased respectively. Still other evidences of contributory 
influences in the formation of a background against which proprio- 
ceptive impulses operate are apparent in-such findings as reduced 
reflex time under conditions causing a reduction of cortical con- 
trol | Travis, Herren, and Lindsley (37), Travis and Dorsey (35), 
(36)] or the decreased irritability in the sciatic nerve when sev- 
ered from its connections with the higher centers of the brain 
as determined by the chronaxie measurements [Madame 
Lapicque (25)]. By way of summary we might say that the 
proprioceptive impulses from the muscle make up the bulk of the 
centripetal discharge but operate against a background of variable 
conditions, such as we have just mentioned, which are capable of 
altering or contributing to the proprioceptive impulses before they 
appear as a motor discharge on the efferent side of the arc. 

In a discussion and review of some of the literature on volun- 
tary electromyograms by Pritchard (29), the underlying basis for 
action-current rhythms in the periphery is apparently found 
chiefly in connection with the proprioceptive impulses. Particu- 
larly is this true of some of the pathological cases cited, especially 
those of Weizsacker (38). He discovered in tabes dorsalis in 
which the proprioceptive impulses were lost or impaired that the 
action-current picture was greatly affected. In the completely 
‘spinal’ man the spinal reflexes gave rhythms identical with 
those from voluntary movements. This may be interpreted 
as additional evidence for the theory that any action-current fre- 
quency or rhythm of peripheral muscles and nerves is a rhythm 
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inherent in the reflex arc itself, arising from proprioceptive 
impulses and limited by certain conditions within the arc which 
in turn are capable of modification by interrelated arcs and higher 
centers. Some of the conditions within the reflex arc which 
might limit the ultimate rhythm of the motor discharge are 
the number of afferent units (end organs and their afferent 
neurones) excited, plus the refractory period of each and their 
respective time relations to each other, the amount of temporal 
dispersion caused by branching paths within the cord before con- 
vergence of afferent impulses upon an anterior horn cell, the 
amount of inhibitory or excitatory influence of higher centers and 
other arcs imposed also in the neighborhood of the anterior horn 
cell, and the number of motor neurones excited plus the refractory 
period of each and their respective time relations to each other. 
That the rhythm we speak of as inherent within the arc itself is 
highly variable is evident. Modifying influences imposed on the 
arc by higher centers and other arcs make it increasingly variable. 
Whether these latter influences, ¢.g., excitatory or inhibitory ones, 
are similar types of discharge which vary chiefly in degree it is 
beyond the scope of this paper to discuss. Also, whether inhibi- 
tion may be considered to be of the “ interference” type (Ver- 
worn, Wedensky, Lucas, Adrian, and others) or of the “inhibiting 
substance ” type [Loewi and others, cited by Adrian (1)] is only 
indirectly related to the findings of the present study. 

Of greater concern here is the explanation of some apparently 
contradictory findings. Fulton (12, p. 79) states: “. . . and 
various other physiological characteristics have been found to 
vary according to their chronaxie. Thus the briefer the chron- 
axie of a given tissue: (a) the more rapid the rate of conduction 
of the action-current ; (b) the more rapid the rate of development 
of the action-current ; (c) the briefer the summation interval for 
subliminal stimuli; (d) the briefer the refractory period; . . ”. 
In terms of this statement Madame Lapicque’s (25) finding that 
the chronaxie of the sciatic nerve increased when cut off from 
higher center influence is an apparent although not necessarily a 
real contradiction to our findings [ Travis, Herren and Linds- 
ley (37) }, which have imdicated that under “ release ” from higher 








A 


‘ 
a 
‘ 
3 
dl 





1 
i 
-. 
i is 
| 
+ 
ro 
ee 
a 


a Pa pete tee Sire ote ne 
ie PAPAS Bit Spe 


ee a rz: 
ier gta ah doe PO SO A SME 


! 7 ey “ - 
Sh PRE AGRE 
2 id . at - ss Z ‘ 


—_ ox F - * —a > > * 
2 i sya 2 1 vie . - so ree t= em — eres 
rn <4 —— memes a eS aaa sxeges 2 ae 
A re —s ; . 7 , : : : 
RB TT ne plied yy Seay Re Sano a se . : Soa aw : - 


54 DONALD B. LINDSLEY 


center control the reflex-time was decreased. Her finding is in 
apparent agreement, however, with the fact that we found muscle 
action-current frequencies reduced under these conditions. 

The three measurements, chronaxie of the sciatic nerve of the 
frog when severed from the higher centers, the reflex latency in 
the patellar and Achilles reflexes under cortical lesion or alcoholic 
intoxication [Travis, Herren, and Lindsley (37), Travis and 
Dorsey (35), (36) ], and the action-current frequency in peripheral 
musculature after similar reduction of higher center control, may 
not be indications of the same thing. The relationship between 
chronaxie and the factors intimately related to reflex time and 
action-current frequency may be as Fulton has stated it but 
Madame Lapicque’s (25) chronaxie measurements apply only to 
the sciatic nerve whereas reflex time and action-current frequency 
in the motor nerve or muscle involve variables in other parts of 
the reflex arc. Therefore we can not assume that these results 
directly support or contradict each other. 

Other findings of significance which are related to those already 
mentioned are those of Lapicque and collaborators (22), (23), 
(24). These bear out Lapicque’s concepts of “ chronaxie de 
constitution’”’ and “chronaxie de subordination”. The latter 
concept involves a more or less normal flexor-extensor chronaxie 
ratio of 2:1, whereas the former, the “ chronaxie de constitution ”’, 
brought about by reduction or complete severance of higher center 
control, causes an equalization or reversal of the normal flexor- 
extensor relationship. A study throwing further light on this 
problem was made by Malamud, Lindemann, and Jasper (27). 
They evaluated the effects of alcohol on chronaxie of peripheral 
musculature. The chronaxie relationships between flexors and 
extensors under reduced’ higher center control suggested possible 
reasons for the reduced action-current frequencies under similar 
conditions. 

Although both frequencies are supposedly indicative of the 
motor discharge in the same arc, the discrepancy in action-current 
frequency in the motor roots and in the internal popliteal nerve 
(the frequency was higher in the motor roots than in the internal 
popliteal nerve) which is noticeable in Table II, may be ade- 
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quately accounted for. We noted that according to Eccles and 
Sherrington (9), Cooper (6), and others there is a branching or 
bifurcation of the fibers toward the periphery thus giving a 
greater number of fibers in the region of the internal popliteal 
space. This fact alone would tend to increase action-current fre- 
quency in the internal popliteal nerve over that in the motor roots. 
On the other hand Eccles and Sherrington (9) have found that 
the size of the fibers varies, there being two groups of fibers, one 
in the neighborhood of 4 » and the other about 14 w or 15 » in 
diameter. This necessarily causes the conduction rate to differ 
[Gasser and Erlanger (14)] in these two groups of fibers and 
serves as a modulating factor on the frequency by spreading out 
the impulses. This condition, plus the fact that all motor fibers 
tend to decrease in size toward the periphery, probably over- 
compensates for the tendency to increased frequency occasioned 
by bifurcation and results in a lower frequency in the internal 
popliteal nerve than in the motor roots of the same arcs at their 
point of entrance to the cord. 

Lapicque (19), (20), (21), and others have shown a condition 
of isochronism to exist between muscle and nerve, which might 
be interpreted to fit in with an “ equi-functional”’ relationship 
between muscle and nerve as expressed by the findings of Dittler 
and Garten (8), and Gasser and Newcomer (13) in which action- 
currents from the phrenic nerve and the diaphragm showed the 
same frequency characteristics. However, we have consistently 
found a greater action-current frequency in nerve than in muscle. 
This indicated that véry probably the refractory period of the 
muscle fibers, which is greater than that of nerve fibers, operated 
as a protective mechanism preventing over-work or strain of the 
muscle. Eccles and Sherrington (10) have shown that the 
refractory period of the neurone is from 10-15 o which would 
allow each unit to discharge at a frequency between 66—100 times 
per sec. Assuming a great number of units are operating in 
rotational fashion but necessarily overlapping it is not difficult to 
conceive of the high frequencies with which the refractory period 
of the muscle has to cope at the periphery. 

That our results differ from those of Dittler and Garten (8) 














ee ee 


eS SAME ene Bs mnt 


od y eS 
» ; 
frncesk oa ae ene ae 


€ 
‘ 
‘ 
ie 
Bea 
> = 
: 
* 
3 
oS 
oe 
: 
4 
i 
ie 
Bs 
} 
| 
Vv 


oti es 
‘eae oa 


56 DONALD B. LINDSLEY 


and Gasser and Newcomer (13) can hardly be explained by the 
fact that the structures with which they worked operated on a 
more purely reflex basis, for our results were obtained under both 
voluntary and reflex conditions. Adrian and Bronk (2) have 
further suggested that it is unlikely that the innervation of the 
diaphragm differs much from that of an ordinary skeletal muscle, 
and that the discharges of other motor neurones will have the 
same general character as those of the phrenic nerve. They add, 
however, that a group of motor neurones activated by a center in 
the brain stem may give a different type of discharge from those 
activated in a short spinal reflex. They also state that the motor 
fibers of the phrenic nerve transmit discharges which are almost 
an exact counterpart of those in the sensory fibers, and that the 
upper limit of motor discharge of the phrenic is somewhat lower 
than that from a sensory organ. These latter statements are not 
in accord with our findings of a greater frequency of the motor 
discharge (action-currents) than of the sensory discharge. There 
may then be a different mechanism operative in this more or less 
automatic reflex (phrenic nerve-diaphragm) which may account 
for the difference between our findings and those of other inves- 
tigators on the relationship between muscle and nerve action- 
current frequencies. The discrepancy might be accounted for, 
however, by the fact that in more recent times a greater refine- 
ment of apparatus has led to a more adequate recording of higher 
frequencies. 

Although Katz (18), .Brodman and Cattell (4), Cattell (5), 
Lederer and -Lemberger (26), Samojloff (32), and others have 
presented evidence both for and against plurisegmental innerva- 
tion by heat and tension measurements and Samojloff (31) has 
discovered some evidence'against it by electrical response methods, 
the evidence found in the present study favors the principle of 
plurisegmental innervation. It seems to lead at least to further 
possibilities for investigating this relationship. Fulton (12, 
p. 183) has summarized the situation conservatively in stating 
that for different muscles and different animals we must expect 
varied results. 
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V. Summary. An attempt has been made to determine the 
source of action-current frequencies as expressed in a peripheral 
nerve or muscle. By various procedures, involving delimitations 
of the Achilles reflex arc of the rat and possible influences upon it, 
we have tried to determine the relative importance of propriocep- 
tive impulses within the arc itself, the effect of related arcs, and 
the influence of higher centers upon action-current rhythms 
expressed on the motor side of the Achilles reflex arc. Additional 
evidence concerning the influence of higher levels of the central 
nervous system over lower subordinate.ones has been drawn from 
experimentation upon human subjects. Finally the functional 
relationship between muscle and nerve during voluntary and reflex 
activity was studied. 

1. The motor discharge in the Achilles reflex arc was accom- 
panied by action-currents of greater frequency, amplitude, dura- 
tion, and irregularity than those accompanying the sensory 
discharge. 

2. The influences, contributed by interrelated ipsilateral and 
contralateral reflex arcs, on action-current frequency accompany- 
ing the motor discharge in the Achilles reflex arc were compara- 
tively negligible in the reflex situations examined, although other 
well-known phenomena indicate that they may have an inhibitory 
or excitatory effect. 

3. Interference with higher centers or “release” of lower 
levels from higher center control caused a decreased action-current 
frequency at the periphery. Destruction of cortical tissue in the 
dominant hemisphere of the rat caused a shift of handedness 
(dominance) and an alteration of higher level control which 
resulted in a decreased frequency of action-currents in the gastroc- 
nemius muscle of the contralateral side and an increased. frequency 
in the gastrocnemius muscle of the ipsilateral side. The fre- 
quencies from both gastrocnemii, ipsilateral and contralateral to 
the area of cerebral hemisphere destroyed, paralleled each other 
in their return to the normal frequency level during a period of 
restitution which followed the cortical destruction. 

4. Spinal transection provided a subsequent decreased action- 
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current frequency from the gastrocnemius muscle during the 
Achilles reflex activity but not in the tibialis anticus muscle con- 
cerned in the crossed flexion reflex activity. A period of restitu- 
tion apparently operated here also to cause the frequency of 
action-currents to return to the normal pre-operative level. 

5. In human beings alcohol and hypnosis caused a diminution 
in muscle action-current frequency during voluntary contraction. 

6. Further evidence ‘1 favor of plurisegmental innervation of 
individual fibers in the gastrocnemius muscle was discovered. 

7. The frequency of action-currents in the nerve during both 


reflex and voluntary activity was higher than that from the muscle 
it innervated. 


8. Proprioceptive impulses resulting from an initially stretched 
or shortened muscle, subject to variable conditions within the 
reflex arc and modifying influences outside the arc, 1.e., from 
interrelated arcs and higher centers, provided an inherent rhythm 
of widely variable dimensions to which the muscle responded only 
within the limits of its physiological characteristics. They prob- 
ably serve as protective mechanisms, supplementing the well- 
known senses of pain, strain, and fatigue. 
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A COMPARATIVE STUDY OF THE ACHILLES AND 
THE PATELLAR REFLEX RESPONSE LATENCIES 
AS MEASURED BY THE ACTION CURRENT AND 
THE MUSCLE THICKENING METHODS 


by 


CLARENCE L. Nystrom 


I. Introduction. Dodge (4) lists three techniques for the 
measurement of the latent times of the Achilles and the patellar 
tendon reflexes: (1) the recording of the gross movement of the 
limb, (2) the recording of the thickening of the executant muscle, 
and (3) the recording of the currents of action from the executant 
muscle. He rules out the first of these as being too crude to be 
of value in the determination of latent time for the reflex, although 
it has been recently used by Tuttle (19) for recording the extent 
of the movement of the limb in the patellar reflex, and by 
Royal (13) to record the latency of the muscle in the intact human 
gastrocnemius muscle. i 

Although used by Dodge as early as 1911, the latter two tech- 
niques have become more or less standardized within recent years, 
one or the other of them having been used in practically every 
study measuring latent times of the deep tendon reflexes. The 
latencies reported from the use of these two techniques have been 
at considerable variance, those recorded by the muscle-thickening 
technique being consistently longer than those recorded by the 
action-current technique, but there appears to have been no 
attempt to determine the relationship existing between them by 
recording the latencies simultaneously from the same point on the 
muscle by means of the two techniques. This is the problem 
undertaken in this study. 

The results of early workers using the muscle-thickening tech- 
nique to determine the latent time for the patellar reflex in man 
have been tabulated by Fearing (8) as follows: 
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Investigator Date Time (¢) 
ED sy Sk Lik bar Ca Sees Poke Nee ek 1879 58-61 
a a eet eg eS et eae a os 1879 15-90 
te a ae le 4's) o sla. Wn vase iat Oke ba scree’ 1880 50 
RR a Cee OE eT ee LS ean Re 35-90 
MS i bik d ie alae Was ae kek Cae hs cues 1880 30-40 
; AR Sarr ae RESy lle Sp aps ee a 1880 25 
Soe, wie ae hal Greed ae 6 Ae e EN ES Ob ad oon 1882 24 
Be ED ns gv bse de ddGa ds va eR heh hae keeeers 1882 20 
DES cy gc Wak eG Ge ae va tue Ls goa es 6 5 1884 31-33 
DOE cos. Coa eka ee eee ebaecdin ness 1894 23 


As pointed out by Fearing, much of the divergence in these results 
was doubtless due to the different methods used. 

Using a more refined technique, Dodge (4) reported an average 
of 50 o for the Achilles reflex and 35 o for the patellar. 
Miles (11), using Dodge’s technique, obtained much the same 
results, reporting a range of 32-35 o for the patellar reflex. 
Rounds (12) working with the Achilles reflex reported an aver- 
age latency of 54 o, with a range from 32-96 o. 

The method of recording the currents of action from the 
executant muscle was probably first used by Dodge (4). The 
findings of some of the principal workers using this technique in 
man have been summarized by Travis and Young (17) as follows: 


Investigator Reflex Ave.time (¢) Range (c) 
Wertheim-Salomonson......... Patellar 10.0 ‘obs 
RN Se ht te a ak bas o 6s 8 Patellar 11.3 8-15 
Es viet au ieis CS tla veebinss Patellar recs 19-23 

Achilles eee 31-36 
BN Cas vk oe ee eda eee ok Patellar asa 20.5-22.7 
is cise era bins Peek ee Patellar 14.0 ois 
‘ Achilles 35.0 


Here again the differences are probably attributable to the differ- 
ence in methods used. 

Travis (16, 17), using the oscillograph, has reported an average 
latent time of 31.0 o, in a range of from 26.0 to 36.5 o for the 
Achilles reflex and a mean of 18.9 o, in a range of from 15.2 to 
21.6, for the patellar reflex. 

Thus even in the most recent studies presumably using the most 
refined techniques, a difference of from 15-20 o will be noticed 
between the latent times recorded by the two techniques in the 
same reflex. 


For the purpose of determining the latent time of peripheral 
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striped muscle, physiologists have done a considerable amount of 
work in the simultaneous recording of action currents and the 
direct muscle response in the frog. Using a frictionless myo- 
graph for recording the direct muscle response in thickening, 
Einthoven (6) showed an essential similarity between the electro- 
and mechano-grams in the frog. He attributed the suppression 
of the mechanical response without the disappearance of the elec- 
trical phenomenon to the greater sensitivity of the galvanometer. 
Fulton (9), working with the gastrocnemius muscle of the frog 
(rana temporaria) at 20° C and using highly refined techniques, 
has concluded that the “true” latency of the muscle, 1.e., the 
interval from the first appearance of the electrical response to the 
first appearance of the mechanical response, is from 1.5-2 ¢. In 
mammals he believes it to be about 1 «. In addition to this 
“true ”’ latent time of the muscle he observed a “ period of rigid- 
ity ’’ which lasted from 4-5 o before the muscle shortened. He 
gives the total latent period of the frog’s muscle as from 5-7 o. 
The period is doubtless somewhat shorter in warm-blooded 
animals, being according to Fulton between 4 and 5 o. 

Burdon-Sanderson (2,3) and Erlanger and Gasser (7) have 
shown that in skeletal muscle the action currents appear simulta- 
neously with the stimulus. In the tendon reflexes we may inter- 
pret this to mean that the action currents appear simultaneously 
with the arrival of the nerve impulses from the reflex centers in 
the cord controlling the response. Burdon-Sanderson concluded 
from his experiments that mechanical thickening of a given spot 
on the muscle occurs approximately 2.5—3 o after a stimulus is 
applied at the spot. 

Buchanan (1) has shown that in the gastrocnemius muscle of 
the frog, stimulated directly by means of an induction shock, the 
mechanical response uniformly outlasted the electrical effect, the 
latter often having terminated before the mechanical response had 
reached its maximum. 

If the findings of these physiologists in respect to the electrical 
and mechanical responses in the muscle of the frog hold for the 
muscle groups involved in the intact Achilles and patellar tendon 
reflexes in the human being, or, indeed, as some of them point out, 
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the time relationships being probably even shorter, then the large 
differences between the latent times as recorded by the two tech- 
niques mentioned above are doubtless due to imperfections in the 
muscle-thickening technique, either because of inherent factors 
or because of lack of tefinement. The problem still remains as to 
whether there is an essentially constant relationship between the 
latencies as recorded by the two techniques, so that for compara- 
tive purposes, either one would be satisfactory if carefully 
controlled. 

The immediate purpose of this study, then, was to devise a 
technique whereby the reflex latencies as measured by recording 
the action currents and by recording the mechanical thickening of 
the executant muscle might be recorded simultaneously from the 
same point on the muscle and both latencies be read from the same 
time-line and the same signal-line on the same film. Both the 
Achilles and patellar tendon reflexes were studied in this manner. 
The time relationships existing between the latencies as determined 
by the two techniques should thus be discovered and possibly some 
light thrown on the physiological relationships of the electrical 
and mechanical responses in the muscles involved. 

II. Apparatus and methods. ‘The apparatus used in this study 
consisted of an electrical current generator; a three stage, resist- 
ance-coupled amplifier; a portable, three element oscillograph; 
a vacuum-tube oscillator; and a signal circuit. The electrical 
current generator has been described by Travis and Hunter (15). 
It consists of a light coil, suspended by four narrow strips of 
dental rubber dam, moying in a magnetic field which activates a 
standard element of the Westinghouse oscillograph. In the 
present study this generator was used to record the muscle thick- 
ening in the manner to be described later. The remainder of the 


apparatus has been described by Travis and Hunter (16) and by 
Travis and Young (17). 


The electrodes for both the Achilles and patellar reflexes consisted of two 
thin brass strips, about % in.x2 in. and covered with canton flannel, set into 
thin wooden plates (Fig. 1) in such a manner that the exposed surface of each 
strip projected slightly beyond the surface of the wooden plate to insure contact 
with the skin over the muscle. The wooden plate carrying the electrodes for 
the Achilles reflex was slightly rounded to conform to the shape of the 
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gastrocnemius muscle and covered the major portion of the muscle. Firmly 
attached to the back of the wooden plate was a short wooden rod which 
extended backward and slightly downward. At its end was a polished screw- 
head which came in contact with the top of the light movable coil. As the 
muscle thickened during the reflex response the wooden plate was moved by 
this thickening to depress the coil which in turn, through the field thus generated, 
activated the oscillograph element. For the patellar reflex the wooden plate © 
was flat, since the muscle is relatively large and the mechanical response greater 
than in the Achilles reflex. Here the wooden rod extended straight upward 
since the electrical generator in this case was above the executant muscle. For 
the Achilles reflex the electrodes were placed on the executant muscle one-fifth 
of the way between the lower margin of the patella and a point even with the 
inferior malleolus, and for the patellar reflex on the executant muscle half-way 












































Fic. 1. Electrodes used in recording of latencies. A is for the Achilles 
reflex and B is for the patellar reflex. 


between the anterior superior spine of the ilium and the upper margin of the 
patella. During the elicitation of the reflexes the canton flannel covering the 
brass strips was kept saturated with concentrated salt solution. 

Fig. 2 shows the manner of eliciting and recording the Achilles reflex. The 
subject was seated in the chair with his right leg back of the wooden bar A. 
A heavy rubber band (B) held the leg firmly to the bar. It was found that 
this band did not in any way affect the reflex latency. A rod with a small bar 
of wood, C, came down from above and prevented any vertical movement of the 
leg. The sling (D) attached to rubber bands (E£) exerted a slight pull on the 
foot sufficient to stretch the gastrocnemius muscle slightly. Thus the leg was 
held firmly, but the apparatus permitted free movement of the foot at the ankle 
joint when the tendon was tapped. A small iron mallet (G) was used to tap 
the tendon in eliciting both the Achilles and the patellar reflexes. Since 
Tuttle (20) has shown that the reflex latency is not appreciably affected by 
the strength of the stimulus, no attempt was made to control the strength of 
the blow. In both instances the signal-circuit was made upon contact of the 
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mallet with a small strip of brass held by a light rubber band on the tendon at 
the point of stimulation. The generator for recording the thickening of the 



































Fic. 2. Apparatus for eliciting the Achilles tendon reflex. 


muscle was rigidly supported beneath the chair by means of clamps to hold it 
to a heavy metal rod firmly attached to the chair. In this way it was freely 
adjustable in any direction, but it was held immovable when clamped tightly. 
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As described above, the wooden rod from the wooden plate containing the elec- 
trodes came in contact with the light movable coil of the generator and depressed 
it when the electrodes were moved by the thickening of the muscle in the reflex 
response. It was observed that the movement of the electrodes was not exactly 
backward when the reflex was elicited, but rather there was a slightly rolling 
motion. Thus a maximum of movement at the end of the wooden rod was 
obtained in an approximately vertical direction. This permitted using the 
generator in a vertical position. 

It was found to be unnecessary to support the leg rigidly in obtaining the 
patellar reflex. Since the direction of the stimulating blow was at right angles 
to the direction of movement of the executant muscle, no jar was conveyed to 
the generator when the tendon was struck, and the weight of the body was 





Fic. 3. Apparatus for eliciting patellar tendon reflex. 


sufficient to prevent any movement of the upper part of the leg. Fig. 3 shows 
the method of obtaining the patellar records. The generator (A) in this case 
was supported in an inverted position over the electrode (B). The resistance 
offered by the weight of the coil was probably no greater than that offered by 
the small rubber bands which supported it in the position used for the Achilles 
reflex. 

Typical records obtained from both the Achilles and patellar reflexes are 
shown in Fig. 4. From six to ten records were taken from each subject at a 
single sitting for each of the reflexes, except that for five subjects from 35 to 
60 records were taken at a single sitting to determine the constancy of the 
relation between the action current latency and the muscle-thickening latency 
over a large series of elicitations of the reflexes. In three subjects the 
gastrocnemius muscle was fatigued by having the subject first raise the body 
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on the ball of the right foot repeatedly until he could do so no more and then, 
while in the chair, push the foot downward repeatedly against the resistance 
furnished by heavy rubber bands until the muscle was thoroughly fatigued.! 

In the case of the action-current record the time elapsing between the signal 
deflection and the first deflection of the action-current volley is counted off to 
the nearest .5¢. For the muscle-thickening time the time elapsing between the 
signal deflection and the beginning of thé large deflection of the line following 
the first smaller and more rapid deflection which is caused by the mechanical 
stretching of the muscle by the stimulus blow, is counted off to the nearest .5 co. 
Readings were made on all records on which both action-current and muscle- 
thickening times were clearly readable. 








Fic. 4. Typical records from Achilles (above) and patellar (below) 
tendon reflexes. Lines from top to bottom show: time in o, action-currents 
and muscle-thickening response and signal-deflection. In both records A 
shows the instant of striking the tendon, B the beginning of the action- 
current volley and C the initiation of the muscle-thickening response. 


III. Results. Records of Achilles reflex times were obtained 
from 45 men and 1 woman. Of these 30 records were readable.” 
Patellar reflex times were obtained from 34 men, of which 29 
records were readable. All of the subjects were undergraduate 
or graduate students of the university. 


1 That the fatigue was thorough was determined by reports from the subjects, 
and from observation of the movements of the foot. In two cases the subjects 
later reported that the muscles of the calf of the leg were sore for two or three 
days following the experiment. 

2 The chief reasons for being unable to read records were: (1) damage to the 
film; (2) outside electrical disturbances; (3) absence of or very weak jerks; 
and (4) in the case of the Achilles jerk, jar from the blow on the tendon which 
obscured the beginning of the reflex movement. 
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From 45 to 60 consecutive Achilles reflex times were secured 
from five subjects, yielding from 38 to 50 readable measures 
respectively. Likewise from 35 to 55 consecutive patellar reflex 
times were recorded, from which 25 to 50 readable measures were 
obtained respectively. For three subjects records were obtained 
both before and after the gastrocnemius muscle had been thor- 
oughly fatigued. The records of two of the subjects were 
readable. 

Several records were taken to determine the effect on the time 
relations when the electrodes were moved a short distance both 
proximal and distal to the motor point of the muscle, and also the 
effect of a lighter electrode on the muscle thickening time. 

Average reflex times for the Achilles and patellar reflexes. 
Tables I and II show the average latencies, standard deviations 
from the mean, differences between latencies as measured by the 
two techniques, and the ranges of the measures for each subject, 
together with the means, standard deviations, and ranges of the 
group. The averages, the standard deviations, and the ranges of 
the latencies as obtained by the action-current technique were 
found to be approximately the same as those previously obtained 
in this laboratory with that technique (16,17). The averages of 
the muscle-thickening latencies were found to be somewhat 
smaller and the ranges decidedly smaller than those reported by 
other workers using the muscle-thickening technique (4, 11, 12). 
These differences were probably due to the more highly refined 
technique employed for recording the muscle-thickening latencies 
in the present study. 

Correlations between latencies as obtained by the two tech- 
mques. The coefficient of correlation between the latencies as 
secured by the action-current technique and those secured by the 
muscle-thickening technique is shown in Table III for both the 
Achilles and the patellar reflexes. These coefficients are suffi- 
ciently high to indicate that the two latencies are dependent on the 
same or closely related factors. They likewise suggest that rela- 
tionships between reflex latency and other factors, e.g., intelli- 
gence, speed of mental reactions, height, etc., found to exist when 
the reflex latency is measured by one technique should also hold 
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true if the other technique is used. Thus for comparative pur- 
poses either technique should give a satisfactory measure of latent 
time if the techniques used are sufficiently refined. Travis and 
Young (17) have shown that neither the patellar nor the Achilles 


TaBLe I. Reflex times, standard deviations, differences between latencies and 
range differences for Achilles reflex (in ¢@). 





Range 

Action- Muscle- Difference - ~— ~ 

current thicken. between Action Muscle 

Subject latency S.D. latency S.D. latencies current thicken. 
1 29.5 .500 39.5 .500 10.0 1.0 1.0 
2 30.8 .897 45.1 .852 14.3 2.0 2.5 
3 31.3 .444 41.1 .443 9.8 1.0 1.5 
4 31.4 .343 41.4 .449 10.0 1.0 1.0 
5 31.7 .400 42.9 .663 11.2 1.0 2.0 
6 31.8 .688 40.2 .630 8.4 1.0 1.0 
7 31.9 .519 48.2 .990 16.3 1.5 a9 
8 32.0 .447 43.7 .600 11.7 1.0 1.5 
9 32.5 .632 42.9 .412 10.4 1.0 1.0 
10 32.7 .400 40.7 .926 8.0 1.0 ae 
11 33.0 .612 42.2 561 9.2 1.5 1.5 
12 33.2 .651 46.6 .748 13.4 1.5 2.0 
13 33.7 .400 41.8 .509 8.1 1.0 1.5 
14 33.7 .748 42.1 .663 8.4 2.0 2.0 
15 34.0 .812 42.8 .800 8.8 2.0 3.0 
16 34.1 . 288 43.7 .435 9.6 0.5 1.0 
17 34.1 .833 43.3 1.1160 9.2 2.0 3.0 
18 34.3 .374 47 .0 .408 12.7 1.0 1.0 
19 34.5 .645 47 .6 .802 13.1 1.0 2.0 
20 34.7 .385 46.3 .800 11.6 1.0 2.5 
21 34.7 .748 44.6 -663 9.9 2.0 2.0 
22 34.8 .400 47.8 .748 13.0 1.0 2.0 
23 34.8 .400 47.2 .509 12.4 1.0 1.5 
24 34.9 .489 48.1 .663 13.2 1.5 2.0 
25 S.2 0° aw 47.0 .612 11.8 1.0 2.0 
26 35.5 .456 50.8 .746 15.3 1.0 2.0 
27 35.8 .472 47.7 .806 11.9 1.5 2.0 
28 36.0 .800 53.5 .500 17.5 2.0 1.5 
29 36.8 .734 52.5 1.039 15.7 2.0 3.0 
30 37.0 .400 52.5 .894 15.5 1.0 3.0 
Mean 33.7 .544 45.5 .608 11.8 1.3 1.9 


S.D. 1.767 3.752 2.607 439 637 
Range 29.5- .288- 39.5- .408- 8.1- 0.5- 1.0- 
37.0 .897 53.5, 1.160 17.5 2.0 3.0 


reflex latencies as measured by the action-current technique cor- 
relates with intelligence as measured by standard intelligence 
tests. On the other hand they have shown that the latencies of 
these reflexes show high correlations with physical measures that 
were calculated to be functions of the length of the reflex arc. 
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The highest correlation was found to be between reflex times and 
height. Rounds (12) has reported a relatively high correlation 
between reflex times of the Achilles reflex as measured by the 
muscle-thickening technique and a group of speed tests. While 


TABLE II. Reflex times, standard deviations, differences between latencies, and 
range for patellar reflex (in oc). 





, Range 
Action- Muscle- Difference - An — 
current thicken. between Action Muscle 
Subject latency S.D. latency S.D. latencies current thicken. 
1 16.9 415 28.6 .415 11.7 1.0 1.0 
2 17.5 534 27.7 .795 10.2 4:5 2.0 
3 17.8 509 28.2 .812 10.4 Lo 2.0 
4 18.0 .354 30.7 561 12.7 1.0 1.5 
5 18.1 .786 29.0 1.154 10.9 2.5 3.0 
6 18.1 .374 30.8 .678 12.7 1.0 | | 
7 18.2 .479 30.5 .500 12.2 1.5 1.0 
8 18.5 534 31.9 .776 13.4 1.5 2.0 
Y 18.8 .238 32.4 .447 13.6 0.5 1.0 
10 18.8 .472 32.5 911 13.7 1.5 2.9 
11 18.8 .688 30.4 731 11.6 2.0 2.0 
12 18.8 .624 30.8 .688 12.0 2.0 2.0 
13 18.9 .519 30.0 .591 11.1 1:5 2.0 
14 19.0 .408 31.2 .382 12.2 1.0 1.0 
15 19.1 .489 34.1 .583 15.0 1.5 1.5 
16 19.2 .538 30.3 .472 11.1 1.5 1.0 
17 19.4 .344 3 .763 12.1 1.0 2.5 
18 19.8 .452 34.0 .597 14.2 2.0 
19 20.0 .463 30.6 .417 10.6 1.0 1.0 
20 20.0 485 3e.1 .881 15.1 2.0 a3 
21 20.1 .447 32.6 .867 12.5 1.5 2.0 
22 20.2 .559 33.4 .447 13.1 1.5 1.0 
23 20.5 .577 35.5 .707 15.0 15 1.5 
24 20.7 .447 35.0 .550 14.3 1.0 1.5 
25 21.0 .563 35.1 .442 14.1 | io 
26 21.1 .606 35.5 .645 14.4 2.0 2.0 
27 21.3 .525 33.8 .525 12.5 ) 1.5 
28 21.5 .378 yol-9 .623 10.4 1.0 2.0 
29 22.0 .449 36.1 .672 14.1 1.5 2.0 
Mean 19.4 .491 32.0 .642 12.6 1.4 | ey 
S.D. 1.273 2.323 1.485 .410 .535 
Range 16.9-  .238- 27.7- = .382- 10.2- 0.5- 1.0- 
22.0 .786 goa: 1S 15.1 2.5 3.0 


the factors measured by these latter tests may not be exactly the 
same as those measured by standard intelligence tests, there is 
doubtless enough in common between them to warrant the expec- 
tation that what is found to be true for one will also be true of the 
other as far as correlation with reflex latencies is concerned. 
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Since Travis and Young (17) and Hoffmann (quoted by these 
authors) have shown quite conclusively that the electromyograph- 
ically determined reflex time correlates highly with height and 
length of arc, the findings of Rounds are the more surprising, for 
probably no one would venture to assert that speed of mental 
reactions correlates with height or length of arc. An examination 
of the latent times reported by Rounds suggests a possible reason 
for the results obtained by him. He reported latencies ranging 
from 32—96 o with a mean of 54 ¢. This range and mean are 
both surprisingly large in view of the times found in the present 
study. The shortest times obtained by Rounds compare - favor- 
ably with the times obtained in this study by the muscle-thicken- 
ing technique in the Achilles reflex, but his longest time is almost 
twice as long as the longest time obtained in this study by that 
technique, and is probably within the range of voluntary reaction 
time. It is probable that the technique employed by Rounds was 
not sufficiently refined to give accurate measurements of the reflex 
response latencies. At least the findings of this study taken 
together with the findings of Travis and Young and those of 
Hoffmann cast considerable doubt on the high correlation between 
speed of mental reactions and the latent time of the Achilles reflex 
reported by Rounds. 


Tase III. Correlations between latencies as obtained by action-current 
technique and muscle-thickening technique. 


Reflex Correlation P.E. 
PGs 0 0.9 Sateen essa ie ead oka wo 0% .800 .043 
is sn oles Dak ake e eee Peek r ss keeue soca 783 .054 


Range as a measure of constant relation. The ranges for both 
action-current latencies and the muscle-thickening latencies shown 
in Tables I and II were obtained by finding the difference between 
the extremes of the measures obtained in each individual case. 
Since one of the purposes of the study was to determine whether 
the time relationship between the latencies as obtained by the two 
techniques, provided the latencies were not identical, was constant 
or variable, this measure is considered a most satisfactory means 
of expressing this relationship. The ranges in the tables show 
that for the Achilles reflex the longest and the shortest latency 











STUDY OF THE ACHILLES AND PATELLAR REFLEX 73 


obtained in any individual case by the action-current technique did 
not differ more than 2.0 o, with an average of 1.3 o, and for the 
muscle-thickening technique not more than 3.0 o with an average 
of 1.9. For the patellar reflex the largest range was found to 
be 2.5 o, with an average of 1.4 ¢, for the action-current technique 
and 3.0 o, with an average of 1.8 o for the muscle-thickening 
technique. 

This essential similarity in the ranges of the measures obtained 
by the two techniques in any given case is taken to indicate that 
the action-current latency and the muscle-thickening latency do 
not vary independently of each other but maintain an essentially 
constant relationship one to the other. 

An inspection of the tables supports the conclusion just 
advanced by showing that in any given individual the range was 
approximately the same for either technique. This indicates again 
that the relation between the latencies as recorded by the two 
techniques is constant and that the latencies are dependent upon 
identical or closely and constantly related factors. 

Standard deviations from the means as a measure of constant 
relation. An examination of the standard deviations from the 
means for each individual case as given in Tables I and IT likewise 
confirms the constancy of relationship between the latencies as 
obtained by the two techniques. These measures show that the 
dispersions from the means were approximately the same for the 
two latencies in any given case. This is particularly striking 
when it is recognized that the action-current technique is undoubt- 
edly more highly refined and less subject to extraneous influences 
than is the muscle-thickening technique. 

Constancy of relationship between the two techniques over a 
long series of consecutive measures. It was desirable to deter- 
mine whether or not the constancy of relationship between the 
latencies indicated above obtained for a longer series of consecu- 
tive measures. The results presented in Tables IV and V are 
practically identical with those obtained for the shorter series of 
reflex elicitations. The means of the latency differences were here 
approximately the same as in the shorter series. The ranges were 
. Slightly larger, suggesting that over a long series of consecutive 
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elicitations of the reflex the factors affecting the variations within 
a given series probably tend to reach a maximum. The ranges 
for both latencies were, however, relatively small and it is prob- 
able that the extremes were reached in each series. These results 
indicate that the constant relationship between the latencies as 
recorded by the two techniques holds true for a long series of 


TaBLeE IV. Constancy of relationship between two techniques over a long series 
of measures in Achilles reflex (in a). 





Action- Muscle- Difference Range 
current thickening in cr te ~ 
Case latency’ S.D. latency S.D. latency A.C. M.Th. 
1 29.3 .457 42.6 .656 13.3 1.5 3.0 
3 31.4 .550 43.4 .841 12.0 2.0 3.0 
18 34.8 .564 47.1 .686 12.3 2.0 4.5 
31 34.5 .490 46.9 .879 12.4 2.0 2.5 
32 36.0 .590 47.1 .726 11.1 2.0 2.5 
Mean 33.2 .530 45.4 757 12.2 1.9 2.7 
S.D. 2.471 1.993 .708 .200 244 
Range 29.3- 42.6- 11.1- 1.5- 2.5- 
%:0: = 47.1 13.3 2.0 3.0 


\ 


TaBLE V. Constancy of relationship between two techniques over a long series 
of measures in patellar reflex (in a). 





Action- Muscle- Difference Range 
current thickening in r shorn ‘ 
Case latency’ S.D. latency S.D. latency A.C. M.Th. 
21 20.9 . 566 33.7 .602 12.8 2.5 2.3 
2 17.5 .561 27.7 .625 10.2 2.0 2.0 
26 20.1 445 33.8 .576 13.7 1.5 2.0 
28 21.6 .609 35.9 .692 14.3 io 3.0 
33 20.0 485 35.1 .881 15.1 2.0 3.0 
Mean 20.0  .533 2 OS 13.2 1.9 2.5 
S.D. 1.387 2.889 1.686 .374 .447 
Range 17.5- 27 .7- 10.2- 1.5- 2.0- 
21.6 35.9 15.1 z.5 3.0 


consecutive measures. They also indicate that the shorter series 
were adequate measures of the relationship. 

The influence of peripheral fatigue on the latencies. The 
muscle-thickening latency is unquestionably dependent on the 
actual contraction of the muscle itself, whereas the action-current 
latency is probably dependent on the wave of altered permeability 
passing over the muscle which is directly caused by the nerve 
impulses innervating the muscle. For this reason it was thought 
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that peripheral fatigue of the muscle group involved in the reflex 
might affect the relationship found to exist between the latencies 
as recorded by the two techniques, since such fatigue would 
directly affect the muscle fibers but presumably would not affect 
the nervous arc of the reflex. Table VI shows, however, that 
neither reflex latency was affected by such peripheral fatigue in 
the Achilles reflex. This indicates that the reflex response latency 
is unaffected by such peripheral fatigue of the executant muscle, 
assuming that the gastrocnemius muscle was actually fatigued. 


TaBLe VI. Effect of peripheral fatigue on Reflex latencies (in oc). 
Action- Muscle- Difference Range 
current thickening in r x \ 

Case latency’ S.D. latency S.D. latency A.C. M.Th. 


1 29.6 374 41.7 -400 12.1 1.0 1.0 
3 31.3 385 43.5 .957 12.2 1.0 3.0 





Difference between the latencies as a measure of the latency of . 
the muscle. An examination of Tables I and II reveals further 
that the muscle-thickening latencies are always longer than the 
action-current latencies. This doubtless is to be expected, if the 
view is accepted that the action currents arise from a wave of 
increased permeability which passes over the muscle when it is 
stimulated by the nerve impulse innervating the muscle and that 
the muscle thickening is a result of the mechanical response of 
the muscle. Since Erlanger and Gasser (7) have shown that the 
electrical response appears simultaneously with the stimulus, the 
difference between the two latencies in a given case should be a 
measure of the muscle latency. The average difference between 
the two latencies in the Achilles reflex was found to be 11.8 o, in 
a range of from 8.1—-17.5 o; and in the patellar reflex, 12.6 o, in 
a range of from 10.2-15.1 o. These times are probably some- 
what too long to be accepted as the true measures of the muscle 
latencies. As previously pointed out, Fulton (9) gives the prob- 
able latent time of human skeletal muscle as about 4.0 to 5.0 a. 
Sherrington (14) gives similar figures for human beings. 

The only study found in the literature which has attempted to 
measure directly the latent time of intact human muscle is that of 
Royal (13). He stimulated the gastrocnemius muscle by an 
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induction shock applied at the medial motor point of the muscle 
and recorded the subsequent movement of the foot by means of 
a kymograph. He found 22.6 o to be the mean latent time for 
this muscle, in a range of from 20.5-25.2 o. He noted consid- 
erable diurnal variation and also individual variation. It will be 
noted that these times are considerably longer than the latent 
times for the muscle found in the present study and decidedly 
longer than those given by Fulton and by Sherrington. Rovyal’s 
technique is open to criticism, however, if an accurate measure of 
the latent time of the muscle is desired, for rather than the thick- 
ening of the muscle he recorded the gross movement of the foot 
which as Dodge (4) has pointed out is too crude a technique to 
give an accurate measure of the response latency. It is doubtful, 
therefore, whether the latent times of the muscle reported by 
Royal can be accepted as more than crude approximations of the 
true latent time of the muscle measured. 

It is probable that the latent times for the muscle found in this 
study were also affected by extraneous factors that tended to 
exaggerate them. In the first place, the movable coil of the elec- 
trical current generator, while very light, would, together with the 
rubber bands supporting it, offer some resistance to the thickening 
of the muscle which would tend to increase the latent time; 
secondly, because it is probable that a much greater number of 
muscle fibers must be in contraction to move the wooden plate 
than is necessary to produce an action-current, the plate may be 
said to have a cushioning effect on the mechanical response ; 
thirdly, it is entirely possible, and perhaps probable, that the initial 
movement in the responding muscle may not be in a vertical 
direction (the direction necessary to move the plate), but in some 
other direction, perhaps lateral, in which case the record would 
not show the initiation of the mechanical response; and fourthly, 
the surrounding muscles and tissues may tend to obscure the 
actual beginning of the response. In physiological studies with 
lower animal forms the executant muscle can be isolated and 
freed from such surrounding tissues, but this is obviously impos- 
sible in working with human subjects. - It is perhaps not possible 
to eliminate entirely or even to reduce further the influence of 
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these extraneous factors in a comparative study such as has been 
here attempted. Consequently, although the latent time of the 
muscle is probably a large factor in explaining the difference 
between the two latent times in a given case, it is not valid to 
assume that the difference is a true measure of the latent time 
of the muscle. 

Range of the differences between the latencies for the two tech- 
niques. It was to be expected that the differences between the 
latencies as measured by the two techniques would show some 
variation from case to case, due perhaps to the individual varia- 
tions in the actual latent time of the muscle. A supplementary 
explanation can be offered to account for a part of the rather large 


Taste VII. Effect of moving the electrodes on time relations between latencies 


as recorded by the two techniques in patellar reflex (differences between 
latencies in o). 


Electrode 1” Electrode 1” 
Electrode on proximal to distal to 
Subject motor point motor point motor point 
1 12.7 13.0 11.8 
2 11.7 12.0 14.3 
3 12.6 11.8 15.0 
: 11.1 12.0 13.3 


10.3 11.6 13.9 


spread found. Dodge (4) has shown that in using the muscle- 
thickening technique the latent time varies greatly with the point 
on the muscle from which the record is taken. Evidence to sup- 
port this finding was obtained in this study. Table VII shows 
the results of a set of check experiments carried out to show that 
placing the electrodes does affect the time relationships between 
the latencies as recorded by the two techniques. Differences 
between the latencies were found to vary as much as 3.5 o when 
the electrodes were moved only one inch from the calculated motor 
point. The fact that the range of the differences is greater for 
the Achilles than for the patellar reflex supports this suggestion 
that part of the variation of the differences from case to case is 
due to the placing of the electrodes, for as Travis and Young (17) 
have pointed out, the measurements for the locating of the motor 


point are probably less reliable for the Achilles than for the 
patellar reflex. 
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Relation of the action-current volley to the duration of the 
mechanical response. Buchanan (1) has pointed out that in the 
frog the mechanical effect outlasts the electrical effect. In fact 
the latter is often over before the former has reached its max- 
imum. This was found to be true in the ‘human being as well. 
Fig. 3 shows quite clearly that the action-current volley and the 
mechanical response of the muscle are not co-extensive. Table 
VIII gives the interval from the striking of the tendon to the 
beginning of the mechanical response and from the striking of 
the tendon to the end of the action-current volley. The difference 
between these two measures shows how long the action-current 
volley continued after the mechanical effect had begun. Since 
the action-current volley is consistently much shorter in the 


TasLe VIII. Overlap of the electrical and of the mechanical responses in 
Achilles and patellar tendon reflexes (in a). 


From signal to From signal to Overlap of 
beginning of end of action- electrical and 
Reflex mechanical response current volley mechanical response 
Achilles 40.7 49.3 8.6 
Patellar 31.1 48.2 17.1 


Achilles than in the patellar reflex, the overlap is only about one- 
half as long for the former as for the latter, being 8.6 o in the 
Achilles reflex and 17.1 o in the patellar reflex. 

The duration of the mechanical response of the muscle could 
not be measured with any degree of accuracy in the records 
obtained in this study, because the alternating current generator 
used to record the muscle-thickening latencies did not follow the 
form of the thickening. Dodge (4) states that in the patellar 
reflex the rising phase of the mechanical response occupies about 
50.0 o, and that the contraction continues about 100.0 o, making 
a total of 150.0 o, after which the curve begins to fall. Figures 
published by Rounds (12) indicate that the total Achilles response 
is probably somewhat shorter, lasting about 120 ¢. If we assume 
that the mechanical response probably begins about 5.5 o sooner 
than our figures show it will be found that the electrical response 
overlaps the mechanical response by about 15.0 o in the Achilles 
reflex and by about 25.0 o in the patellar reflex. Thus the action- 
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current volley is co-existent with the mechanical response for only 
about one-eighth of the duration of the latter in the Achilles 
reflex and for about one-sixth in the patellar reflex. This would 
seem to lend support to the theory advanced by Fulton (9) that the 
electrical response, or the action current, is caused by the wave of 
altered permeability which passes over the muscle at the arrival 
of the nerve impulse, while the mechanical response, or the muscle 
thickening, is caused by the actual contraction of the muscle fibers. 

Interval between the signal and the first mechanical twitch of 
the muscle. Inasmuch as many of the workers using the muscle- 
thickening technique for recording the latent times in both the 
Achilles and the patellar reflexes (¢.g., Dodge, Miles, Rounds) 
have used the beginning of the first mechanical movement of the 


TABLE IX. Average interval of time elapsing between the. striking of the tendon 
and the first mechanical movement of the muscle in the Achilles and 
patellar reflexes (in a). 


Average 
Reflex interval S.D. 
pO ELSE yeed OT OTe Pee 5.4 .588 
a aa sh ck dkeateebaecvcanece 4.2 .431 


muscle as the signal indicating the application of the stimulus, 
it is of interest to note that in our records an interval of from 
4—5 o elapsed from the actual striking of the tendon to the appear- 
ance of this movement. Table IX shows the average time for 
this interval in both the Achilles and patellar reflexes. While it 
is probable that the first mechanical movement, caused by the 
stretching of the muscle by the blow on the tendon, indicates the 
actual moment of stimulation of the end organs in the muscle 
initiating the reflex, the records indicate that from 4.0—-5.5 o 
should be added to the latent times obtained by the muscle-thick- 
ening technique if the first mechanical twitch of the muscle is 
used to determine the time of stimulation; or, conversely, 4.0- 
5.5 o should be subtracted from the times obtained by either the 
muscle-thickening or the action-current techniques if the moment 
of striking of the tendon is recorded as the moment of stimula- 
tion. A measure of the reflex latency from the actual stimulation 
of the muscle end organs to the arrival of the nerve impulses 
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initiating the wave of altered permeability (the probable cause 
of the action currents) may be obtained by subtracting from 
4.0-5.5 o from the latencies obtained by the action-current 
technique. 

IV. Summary and conclusions. 1. By means of a Westing- 
house portable oscillograph and an alternating electrical current 
generator records of the action-current and muscle-thickening 
response latencies were obtained from a group of 30 adults for 
the Achilles reflex and for 29 adults for the patellar reflex. Both 
latencies were recorded simultaneously on a single film and both 
were read from the same time- and signal-line. From 25-50 
consecutive records of the reflex elicitations were obtained from 
five subjects in both the Achilles and the patellar reflexes, as well 
as records both before and after fatigue of the gastrocnemius 
muscle in two subjects. 

2. For the Achilles reflex a correlation of .80 + .043 and for 
the patellar reflex, a correlation of .78 + .054 were obtained 
between the response latencies determined by the action-current 
technique and those determined by the muscle-thickening tech- 
nique. These correlations are regarded as being sufficiently high 
to warrant the conclusion that the two techniques give measures 
of reflex response latency that are dependent on the same or closely 
related factors. 

3. An essentially constant relationship was shown to exist 
between the latencies as obtained by the use of the two techniques, 
since the range and the standard deviation from the mean for the 
latencies as obtained by either technique were approximately the 
same in each individual case. This is taken to indicate that for 
comparative purposes either technique would be satisfactory if 
carefully controlled and refined. 

4. The essentially constant relationship found to exist between 
the latencies as obtained by the two techniques holds true for a 
long as well as a short series of consecutive measures. For this 
reason a short series (6-10) of elicitations was sufficient to 
determine the latency by either technique. 

5. Peripheral fatigue of the gastrocnemius muscle apparently 
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had no effect on the reflex response latency as measured by either 
technique. 

6. The latency of the executant muscle as measured by finding 
the difference between the action-current latency and the muscle- 
thickening latency in any given case was found in the Achilles 
reflex to be 11.8 ¢, in a range of 8.1-17.5 o, and in the~patellar 
reflex, 12.6 0, in a range of 10.2—-15.1 o. In the light of findings 
by Fulton, Sherrington and others, these measures must be 
regarded as probably somewhat too long to be the actual latencies 
of the muscle involved. Several extraneous and probably uncon- 
trollable factors were mentioned that would serve to obscure the 
actual initiation of the muscle response. These factors further 
suggest that the action-current technique is more refined than the 
muscle-thickening technique for the recording of reflex response 
latencies. 

7. The cessation of the action-current volley before the mechan- 
ical response of the muscle has run its full course, the former 
having often terminated before the muscle thickening had reached 
its maximum, tends to support the theory advanced by Fulton (9) 
that the electrical response is caused by a wave of altered permea- 
bility passing over the muscle when it is stimulated by the inner- 
vating nerve impulse, while the mechanical response is caused by 
the actual contraction and consequent shortening of the muscle 
fibers. 

8. An interval of from 4-5 o was found to intervene between 
the striking of the tendon and the first mechanical movement of 
the muscle caused by its being stretched from the blow on the 
tendon. 
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